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The peculiar habit of the mangrove (Rhizophora Mangle L.), 
of germinating the seed while yet on the tree, has attracted con- 
siderable attention, and it has been the subject for observation and 
investigation by a number of persons. The most important 
investigations on the embryology were made by Karsten * on this 
and related species and genera, and on species which have similar 
habit but are classed in entirely different families ; but the results 
of his work on this particular species were very meager. 

The study of this species presents many difficulties, and it was 
only after repeated efforts that the author succeeded in getting the 
preparations on which this paper is based. A few stages are 
missing, but since it is impossible for the author to secure more 
material at this time it was thought best to publish the results of 
the investigations. 

In general it may be said that the picric acid killing and fixing 
agents were most successful, but the preparation which gave the 
best results was a mixture of 98 c.c. saturated aqueous solution of 
picric acid with 2 c.c. sulphuric acid. 

Only one of the four ovules is fertilized (FIGURE 1), and this 
grows while the other three atrophy (FIGURE 13). The ovaries 
and ovules did not always increase in size with the same rapidity, 
so that it was not always possible to judge the age and condition 
of the internal structures by the size of the ovary or ovule, ds will 


* Karsten, G. Ueber die Mangrove-Vegetation im Malayischen Archipel. Eine 
morphologisch-biologische Studie. Bibliotheca Botanica, Heft 22 (5: 1-71). 1891. 
[The BULLETIN for May 1907 (34: 221-270, f/. 77-21) was issued 10 Jl 1907.] 
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be seen by a comparison of FiGuRES 4 and 5, in which the smaller 
is the more advanced, or by comparison of FIGURES 21 and 22, in 
which the two structures are of about the same age. It was im- 
possible to determine positively the origin of the archesporium, 
but it was apparently sub-epidermal (FiGuRE 18). One or two 
tapetal cells are cut off, but whether they ever exceed this number 
or not the author is unable to say. Karsten figures two each in 
R. mucronata and Bruguiera ertopetalaand one each in B. caryophyl- 
loides and Certops Candolleana. At this time the two integuments 
were just appearing (FIGURE 2). The archesporial cell enlarges 
with the enlargement of the nucellus, but the integument under- 
goes the most rapid growth (FicuREs 3, 19). The ovule con- 
tinues to increase in size and the archesporial cell divides into 
megaspores. My only satisfactory preparation of this stage 
showed three megaspore-cells (FIGURE 20), but it is impossible to 
say whether this is or is not the regular number. Karsten figures 
four for both R. mucronata and C. Candolleana. The nucellus is 
always small as compared with the size of the ovule. My 
material was unsatisfactory for following the development of the 
embryo-sac; however, its formation results in the complete 
destruction of the nucellus (FIGURES 5, 21). Karsten figures the 
same condition in this species and in Carallia integerrima. In 
the eight-nucleate stage it was impossible to do more than work 
the details of the egg-apparatus (FIGURES 21, 22), which were in 
every way like the normal egg-apparatus. The author did not 
succeed in finding the polar nuclei or antipodal cells, but found 
what was apparently the primary endosperm-nucleus (FIGURE 23) 
lying in the micropylar end of the sac. It was impossible to 
follow the early divisions of the endosperm, but from this point the 
preparations were quite satisfactory. 


EMBRYO AND ENDOSPERM 


The growth of the ovule and ovary is now quite rapid. The 
embryo-sac increases in size both as a result of growth of the 
ovule and by destruction of the inner integument, so that we now 
have a sac enclosed only by the outer integument, filled with 
an enormous amount of endosperm, in the micropylar end of 
which is a small embryo (FIGURE 6). At this stage the other 
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three ovules are in an advanced stage of degeneracy (FIGURE 7). 
The cells of the endosperm appear to radiate rather indefinitely 
from a central point in the sac (FIGURE 6). The growth of the 
embryo may be divided into three periods: (1) first growth of 
the cotyledons, (2) growth of the hypocotyl, (3) second growth 
of the cotyledons. The youngest embryo secured was pear- 
shaped with well-developed suspensor, but was not attached to 
the wall of the sac (FiGuREs 6, 8). The suspensor persists until 
late in the development of the embryo (FiGuREs 8, 9, 14). Ap- 
parently the embryo had originated as a series of cells in linear 
arrangement and developed in accordance with the capsella type. 
The only embryo of this species figured by Karsten is somewhat 
younger than this one but does not showa suspensor. The coty- 
ledonary end of the embryo grows quite rapidly and is sometimes 
quite regular in outline (FIGURES 9, II, 12) but more frequently is 
very irregular (FIGURE 10) and apparently very much crowded by 
the surrounding structures. At a point in the longitudinal axis 
of the embryo and not far from the suspensor, the cells are very 
small and very numerous (FIGURE 9, 7). In a short time the sep- 
aration of certain cells at this point gives rise to the plumule (Fic- 
URES 10, 12, 24); this is only discernible in section. The cells 
on the side next to the root-tip are smaller, contain more proto- 
plasm, and are apparently more active than those on the cotyle- 
donary side (FIGURE 24). The endosperm is very thin but the 
cells of the integument which come in contact with it are very 
protoplasmic (FIGURE 25). This union between the endosperm 
cells and the integument is very close; frequently through shrink- 
age of the internal structures there would be a separation of cells, 
but this was usually within the integument and not between the 
cells of the endosperm and the wall of the sac (FIGURE 25). The 
growth of the cotyledonary part of the embryo results in the 
pushing of the opposite end of the embryo and part of the endo- 
sperm out through the micropyle, and they now lie within the 
cavity of the ovary (FIGURE 12). The endosperm over the sur- 
face of the cotyledons is now very thin, thus bringing them into 
close contact with the walls of the sac (integument) (FIGURE 12). 
The cells of that part of the endosperm which has been forced 
from the sac show a rather indefinite arrangement in rows extend- 
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ing obliquely from the surface of the embryo outward and upward 
towards the integument (sac), indicating that the growth of the 
embryo has exerted great pressure on them (FIGURE 12). Up to 
this time there has been very little modification in the surface cells 
of the cotyledons; they are more protoplasmic than the inner cells 
but otherwise not materially different (FIGURE 26). The growth 
of the cotyledons now almost entirely ceases and the second period 
of growth, or growth of the hypocotyl, begins. The hypocotyl 
grows very rapidly, pierces the apex of the ovary and forms the 
long pendulous structure, which is frequently eight or ten inches 
in length (FiGuREs 14, 17). The plumule (FIGURE 15) and the 
vascular tissues of the cotyledonary structure which originated 
considerably earlier (FIGURE 10, v.s.) become more prominent and 
important. The entire cotyledonary structure undergoes consider- 
able change; the cells appear to contain more protoplasm and 
stain more deeply. The surface cells and those near the surface 
become very much elongated with their long axis at right angles 
to the surface (FIGURE 27). All these modifications are probably 
for the increased activity of these cotyledonary structures, which 
undoubtedly absorb great quantities of food for the development 
of the long hypocotyl. At about this same time numerous 
masses or strands of very much elongated cells are formed, which 
lead from the surface cells to the vascular system of the cotyle- 
dons (FIGURE 16).. A more careful examination of these strands 
of cells shows them to be of the same character as the vascular 
system (FIGURES 29, 30), and the author suspected that this sys- 
tem contained more or less sieve tissue but was unable to decide 
positively on that point. Just before the separation of the hypo- 
cotyl from the cotyledonary structure, traces of tracheary tissue 
(FIGURES 29, 30) appear but it is never very abundant. The endo- 
sperm over the surface of the cotyledonary structure becomes 
very thin with the corresponding slow growth of these organs 
during this period, and the cells of the integument (wall of sac) 
are very rich in protoplasm (FIGURE 28). 

When the a about three inches in length, about two- 
thirds of the cotyledon$ are imbedded in the embryo-sac, and the 


remaining part in the ovary-chamber, surrounded by a thin layer 
of endosperm, while the hypocotyl projects through the apex of 
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the ovary (FIGURE 17). As the embryo approaches maturity, the 
cotyledonary structure sets up a second growth which pushes the 
point of union between the cotyledons and the hypocotyl beyond 
the apex of the ovary. The cotyledons and the hypocotyl then 
separate and the hypocotyl drops, carrying with it the plumule ; 
while the ovary, containing the outer integument (sac) and cotyle- 
dons, remains hanging on the tree. é 

It is very evident that the cotyledons perform an important 
function in supplying food to the growing hypocotyl. The dis- 
integration of the nucellus and inner integument and the forma- 
tion of the enormous endosperm are all important in the nourish- 
ment of the embryo during the early part of its development. 
This may be readily traced by comparing FIGURES 2, 3, 4, 5, 6, 
12, and 17; first we have the beginning of the nucellus and both 
integuments (FIGURE 2) followed by an increase in size of the ovule 
in which the nucellus is very small (FIGURES 3, 4), then the dis- 
integration of the nucellus to form the embryo-sac (FIGURE 5), the 
enlargement of the ovule and disintegration of the inner integu- 
ment (FIGURE 6), a further enlargement in which about one-third 
of the embryo and a considerable part of the endosperm are forced 
out of the embryo-sac (inner integument) and lie in the chamber 
of the ovary (FIGURE 12), and lastly an elongation of the hypocotyl 
and diminution of the endosperm (FIGURE 17). 


SUMMARY 


1. Four ovules, but only one fertilized. 

2. Archesporium probably subepidermal and cutting off two 
tapetal cells. 

3. Megaspores probably four in number. 

4. Completion of embryo-sac results in camplete disintegra- 
tion of the nucellus. 

5. Further growth of embryo-sac results in complete disin- 
tegration of the inner integument and formation of a large amount 
of endosperm. 

6. Embryo has easily recognized suspensor and is probably of 
the capsella type. 

7. The growth of the embryo may be divided into three 
periods: (1) first growth of the cotyledons, (2) growth of the 
hypocotyl, (3) second growth of cotyledons. 
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8. During first period of growth about one third of the embryo 
and the greater part of the endosperm are forced out of the embryo- 
sac and lie in the chamber of the ovary. 

g. The second period of growth is confined largely to the 
hypocotyl, but during this time the structure of the cotyledons 
undergoes great modification. 

10. This modification of the cotyledons is undoubtedly for the 
purpose of absorption. 

11. During the third period of growth, the cotyledons elongate 
and the point of union between them and the hypocotyl is forced 
beyond the apex of the ovary. 

The greater part of this work was done in Cuba, but it was 
finished in the laboratory of the New York Botanical Garden. 
The material was collected at Mariel, Cuba, and herbarium speci- 


mens have been deposited in the herbarium of the said garden. 
New BoranicaL GARDEN, 
Bronx Park, New York Ciry. 


Explanation of plates 22 and 23 


Figures 1 and 17 are purely diagrammatic, made with the aid of a hand lens. 
Figures 6, 7, and 12-16 are semi-diagrammatic, made with the aid of a very low power 
lens in a compound microscope. Figures 2-5 and 8-11 were made with Spencer's 4/ 
ocular and 2 mm. objective. Figures 24-29 were made with Spencer's 8/ ocular and 
4 mm. objective. Figures 18-23 and 30 were made with Spencer’s 8/ ocular and 16 
mm. oil immersion. 

Fig. 1. Cross-section of ovary showing four ovules. 

Fig. 2. Young ovule showing archesporium and origin of integument. (See 
Fig. 18.) 

Fig. 3. Young ovule showing archesporium and integuments. (See Fig. 19.) 

Fig. 4. Young ovule showing megaspore and integuments. (See Fig. 20.) 

Fig. 5. Ovule showing disintegration of nucellus in the formation of the embryo- 
sac; also the integuments. (See Fig. 21.) 

Fig. 6. Embryo-sac containing embryo (¢), endosperm (ed), somewhat shrunken 
and enclosed in the outer integument (0. ¢.), the inner integument having undergone 
disintegration. (See Fig. 8.) 

Fig. 7. Atrophied ovule. Same age as figure 6. 

Fig. 8, a-f Embryo in serial sections showing suspensor (sw). Same preparation 
as figure 6. 

Fig. 9. Embryo showing suspensor (s#), prominent cotyledonary structures and 
point of origin of the plumule (.r). 

Fig. 10. Embryo showing irregular cotyledonary structures (cof), plumule (x), 
and vascular system (v. s.). 

Fig. 11. Tip of cotyledonary structure. About the same age as figure 10. 

Fig. 12. Embryo (em), surrounded by endosperm (end), and partially enclosed 
in the sac which is composed of the outer integument (oc. 7. ). 
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Fig. 13. Cross-section of ovary showing the one fertile and the three sterile, 
degenerating ovules ; embryo (emé), endosperm (end), and sac (0, %.). About the 
same age as figure 9. 

Fig. 14. Part of embryo showing plumule (.c), vascular system (v. s.), and sus- 
pensor (sz). 

Fig. 15. Part of embryo showing plumule (x) and vascular system (v. s.). 

Fig. 16. Tip of cotyledon showing vascular system and connections with the 
surface. 

Fig. 17. Diagrammatic drawing showing relation of parts; embryo (em), endo- 
sperm (end), sac or outer integument (0. 7.), and ovary (0). 

Fig. 18. Archesporium and two tapetal cells. From same preparation as figure 2. 

Fig. 19. Archesporium. From same preparation as figure 3. 

Fig. 20. Nucellus and megaspores. From same preparation as figure 4. 

Fig. 21. Embryo-sac showing egg-apparatus, From same preparation as figure 5. 

Fig. 22. Egg and one synergid. 

Fig. 23. Part of embryo-sac showing endosperm-nucleus and pollen-tube (/. ¢.). 

Fig. 24. Plumule. From same preparation as figure 10. 

Fig. 25. Endosperm (end), and part of the wall of the sac or outer intgument 
(o. 7.). From the same preparation as figures 10 and 24. 

Fig. 26. Surface of cotyledon. From same preparation as figure 12. 

Fig. 27. Surface of cotyledon showing modified columnar cells. From same 
preparation as figure 16. 

Fig. 28. Endosperm (end) and integument or wall of sac (0. #.). From same 
preparation as figure 16. 

Fig. 29. Vascular system. Same age as figure 16. 

Fig. 30. Vascular system showing formation of tracheary tissue. Same age as figure 
29. 
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The production of deleterious excretions by roots * 


OSWALD SCHREINER AND HOWARD SPRAGUE REED 


It is our purpose to show in the following paper that the roots 
of certain higher plants may produce substances which have a 
deleterious effect. The undue accumulation of these substances is 
unfavorable for the growth of plants, and hence this study throws 
some light upon problems of soil conditions and _ ecological 
relations. 
A number of typically unproductive soils from different parts of 

the United States have been under study in the laboratories of the 

Bureau of Soils of the United States Department of Agriculture 
for several years, and some of their properties are now understood. 
It has been demonstrated that many soils are unproductive, not 
because proper nutrients are lacking, but because they contain 
substances actually deleterious to plant growth.t 

An aqueous extract of an unproductive soil, though contain- 
ing nutrient materials, is often a poorer medium for the growth of 
plants than distilled water. Wheat seedlings will grow for about 
three weeks in good distilled water, but various experiments de- 
scribed in the publications just cited show that seedlings grown in 
the extract of an unproductive soil give a much poorer growth in 
both top and root, and the plants often die within two weeks, 

When such an extract of a poor soil is treated with an insolu- 
ble, finely divided solid it loses its toxicity for plant development 
and gives (as might be expected) a better growth of plants than 
distilled water. The method usually followed is to add carbon 
black to the soil extract. The carbon black is stirred or shaken 
with the soil extract for a few minutes and, at the expiration of a 
half hour, filtered out. The carbon black contains no nutritive 
substances. It is practically pure carbon obtained by burning 


* Published by permission of the Secretary of Agriculture. 

+ A great deal of evidence on this point has already been presented in Bulletins 
28 and 36 of the Bureau of Soils, and a general presentation is given in Farmers’ Bul- 
letin 257 of the United States Department of Agriculture. 
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natural gas and collecting the separated carbon on cool surfaces. 
It acts by absorbing part of the soluble matter from the soil ex- 
tract, a power which it possesses to a remarkable extent, by virtue 
of its enormous surface. The growth of plants in the extract 
after treatment with carbon black, ferric hydrate or other absorb- 
ing agents, is usually greatly increased. The conclusion logically 
follows that the retarded growth in the original soil extract is due 
to the presence of some substance or substances actually detri- 
mental to plant development and not to the absence of beneficial 
nutritive substances. 

This experiment is typical of a great number of experiments, 
employing various unproductive soils. In many cases the growth 
of plants was greatly improved by diluting the extract with dis- 
tilled water; in other cases by brief boiling, or by distillation, 
the toxic properties being found in the distillate. Without dwell- 
ing here at length upon the exact data derived from such experi- 
ments, it may be said that they agree in showing that the unpro- 
ductiveness of those soils was due to the presence of substances 
which exerted a toxic action upon plants. It was also shown that 
the toxic effect in the soil extracts could be overcome in various 
ways. 

Experiments upon the diminished yields of succeeding crops 
have given results which indicate that the harmful effect of con- 
tinuous planting of the same crop may be due to the production 
of deleterious substances. Many, perhaps a majority, of investi- 
gators have assumed that the diminished yield of a second crop 
is the result of the depletion of the plant nutrients by the first 
crop. There is now evidence from a number of sources that an 
important factor in causing diminished yield is the presence of sub- 
stances detrimental to plant growth. An experiment giving evi- 
dence on this point has been described by Livingston (’05) in 
which wheat was planted in a series of five pot cultures of clean 
glass sand, simultaneously with five other pot cultures planted in 
glass sand which had previously grown wheat for twenty-one 
days. The two series were subjected to the same conditions and 
growth was measured by the amount of water which the plants 
transpired. The growth of the plants in the ‘‘exhausted”’ sand 
was about 45 per cent. of that in fresh sand. In the same experi- 
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ment the effect of a good absorbing agent was tried. Ferric 
hydrate was added to five pots of “exhausted” sand in which 
wheat was planted. This good absorbing agent renovated the 
sand to such an extent that the growth of wheat in it was only 6 
per cent. less than that in the fresh sand. It would be obviously 
incorrect to assume that the decreased growth of wheat in the 
sand was due to the depletion of nutrients. Neither can one 
maintain that the beneficial action of ferric hydraté consisted in 
supplying nutrients. The only explanation is that the ferric 
hydrate had a strong absorbent action upon some substance, or 
substances, which were toxic to the second growth of wheat and 
which had resulted from the growth of the first crop. 

Facts like those cited above give indications that the toxic 
condition of unproductive and ‘‘exhausted” soils may be caused 
by some substances excreted from the roots of plants. These 
indications are further supported by the results of all experiments 
upon the nature of the toxic substances. Up to the present time 
they all indicate that the toxic substances are organic, and not inor- 
ganic, bodies. It has been shown, for example, that the extract 
from a poor soil may often be benefited by incineration or mere 
charring of the organic matter present in the residue obtained by 
evaporating the soil extract, and redissolving it in pure water. 
When plants are grown in such solutions they show marked im- 
provement over those grown in the original extract. In an experi- 
ment described in Bulletin 28 of the Bureau of Soils (p. 29 ff.), 24 
wheat plants grown in such a solution showed an increase of 25 
per cent. in growth over a control in the original extract. Here 
there has apparently been a destruction or an alteration of the 
substances which were previously detrimental to the growth of 
plants. 

Turning to the literature, it will be seen that there are numerous 
instances in which deleterious excretions have been demonstrated 
in the lower plants, but in the higher plants there appear to be 
no definite proofs that such excretions are produced. 

Among the earlier botanists there prevailed an idea that roots 
excreted waste matters. Such ideas were a logical outgrowth of 
the efforts of their time to correlate the structures and functions 
of plants with those of animals. Brugmans (’89) alleged that he 
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had observed small drops to exude during the night from roots of 
Viola arvensis growing in pure sand in a transparent dish. He 
even stated that he had observed small fragments of material at 
the extremities of the roots of certain other plants, which he 
believed to have been exuded from the roots. His observations 
rest upon what must now be regarded as insufficient evidence and 
appear to have been made without any of the precautions neces- 
sary for a sciéntific experiment. 

The idea that roots excrete waste matters was promulgated by 
von Humboldt and by de Candolle and by them given prominence 
in explaining natural plant associations and crop rotations. It is 
interesting to note that de Candolle (’32, 3: 1489) stated his 
belief that the cockscomb and other noxious weeds injured the 
neighboring plants by some excretion from the roots. It is a 
matter of common knowledge that de Candolle used his theory of 
root excretions as a basis for explaining the benefits of crop rota- 
tions. He reasoned that the excreta from the roots remaining in 
the soil would be harmful if the soil were again planted to the 
same crop ; but that, if a different species were planted, it would 
receive very little harm from the excreta of the previous crop, and 
even possibly might be benefited by them. Plenck (’94) and 
Macaire-Prinsep ('32) also endorsed the idea of root excretion. 
Macaire-Prinsep made an experiment from which he and others 
drew incorrect conclusions. By separating the roots of a plant 
into two groups, one of which was placed in a flask containing 
pure water and the other in a flask containing a solution of 
sodium chloride or lead acetate, he found that traces of the solute 
could be detected in the flask originally containing pure water. 
He believed that the roots in the solution had taken up dissolved 
matter which had been again actively exuded by the roots. His 
work was criticised by Braconnot ('39) and Unger (’36), who 
showed that his results were due to the capillary action of the 
roots, aided, no doubt, by the siphon which they formed. Walser 
(38) and Braconnot (’39) attempted to detect excretions by ex- 
amining the medium in which plants of the Papaveraceae had 
grown. They believed that it would be possible to demonstrate 
the presence of opium-like bodies in the medium if the roots pro- 
duced excretions. Without recognizing the fundamental error of 
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such an attempt they interpreted the failure of their analysis to 
mean that no excretions were produced by roots. They deserve 
credit, however, for showing that Brugmans had entirely misinter- 
preted the death of the root hairs and the peeling off of the outer 
layers of the root by assuming that this material was solid excre- 
tion from the living root. Nevertheless, several years later Gas- 
parrini (57) made the absurd statement that he had observed that 
the root hairs had small lids which opened and emitted secretions. 

After the earlier work had been shown to be ill-founded by the 
investigations of Walser and Braconnot, that line of investigation 
was given up, and it is only within recent years that any data have 
been presented on deleterious root excretions. 

Newcombe ('02), in describing the growth of roots in closed 
glass tubes containing water, says that the roots suffered distortion 
after 12 to 15 hours when the temperature was 23° C. or over. 
He referred the distortion to a possible lack of oxygen or to the 
accumulation of root excretions. 

Livingston (’05) described an experiment which indicated quite 
distinctly that toxic substances may arise during growth. The 
experiment consisted in placing an absorbent agent (carbon black) 
in a synthetic nutrient solution and measuring the growth of wheat 
plants in it. The plants from the nutrient solutions containing 
carbon-black grew 27 per cent. more than the control plants in a 
solution in which carbon-black was lacking. In the solutions con- 
taining ferric hydrate the growth was increased 33 per cent. In 
another experiment, water redistilled from potassium dichromate 
and sulphuric acid and from alkaline potassium permanganate was 
used, the distillates being condensed in a platinum tube. The 
addition of ferric hydrate to part of the cultures produced an 
increase of growth (measured by transpiration) amounting to 34 
per cent. The conclusion was there drawn that the roots of 
seedling wheat plants do give off substances which are poisonous 
to themselves, and that these substances can be removed or cor- 
rected by carbon-black or ferric hydrate. 

Indirectly there has been gathered some very good evidence 
upon this point by investigators who have studied the antagonism 
between different species. 

The Woburn Experiment Station (’03) has reported a detailed 
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study of the antagonism existing between the roots of grass and 
those of fruit trees. They found that the grass roots had an actively 
malignant action upon the tree roots which could only be due to 
some action similar to that of direct poisoning. 

Jones and Morse (’03) reported a remarkable case of antago- 
nism between the butternut, /ug/ans cinerea, and cinquefoil, Poten- 
tilla fruticosa. The Potentilla was often killed under and around 
the butternut trees on a circle of fully twice the diameter of the 
tree top. otentilla grew vigorously beneath other species of trees 
without any injury. They found that wherever the Potentilla was 
killed or dying its roots were intertwined and in close relation 
to those of the butternut trees. The death of the Potentilla seemed 
to be caused by some relation to, or effect from, the roots of the 
trees. 

Another illustration of the antagonistic action of one plant 
upon another has been given by Jensen ('07), who studied the 
effect of tree roots upon wheat under experimental conditions. He 
found that the action of the tree roots had a remarkably depress- 
ing effect upon the growth of wheat. The harmful effect was 
especially marked with certain trees like Pinus and Acer, while 
others like Prunus were less harmful. The growth of the wheat 
was most retarded during the summer season when the trees were 
physiologically active. When, in the autumn, the trees became 
dormant, the growth of wheat was much improved. 

An examination of the literature dealing with the growth of 
the lower plants shows that different workers have found that the 
growth of these plants often gives rise to unfavorable conditions in 
the surrounding medium. Some typical and instructive examples 
are described by Pfeffer in his Physiology of plants (1: 512; Eng- 
lish translation by Ewart). 

Bacteriology has demonstrated quite clearly that deleterious 
substances are formed during the growth of cultures. Eijkman 
('04) has studied the reaction of the waste products of a number 
of bacteria upon the same and other species. He found that the 
organisms produced without exception thermolabile substances 
which inhibited growth. The inhibiting substances were diffusi- 
ble but could not be filtered through a porcelain filter ; they were 
destroyed when heated to a temperature at which the organisms 
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were killed. The waste products of a given species were usually 
more toxic to that and closely related species than to those species 
more distantly related. 

Eijkman’s results are confirmed by the recent work of Rahn 
(06) on other bacteria. Rahn finds a thermolabile toxic substance 
which is absorbed by freshly heated clay filters so that a piece of 
recently heated clay saturated with old bouillon was quickly cov- 
ered by a growth of organisms. The toxic substance was also 
destroyed by diffuse light. 

The work of Emmerlich and Loew (’99) and other investigators 
on the action of bacteriolytic ferments and their toxic action on the 
bacteria of many infectious diseases, involving the preparation of 
antitoxins and their use in medicine, is of the greatest interest in 
this connection as showing that the products of bacterial life are 
poisonous to the living forms of a similar or related species. 

Experimenters upon chemotropism have found that the growth 
of fungus hyphae is not always in the direction of nutrient ma- 
terials, but they will sometimes grow into toxic substances. Clark 
(02) found that the hyphae of Rhizopus would grow from a layer 
of rich nutrient agar into a layer of non-nutrient agar containing 
0.005.V copper sulphate. Fulton ('06) working on the same sub- 
ject has clearly demonstrated that the hyphae grow in any direc- 
tion that will carry them out of a region already occupied by 
numbers of hyphae. He showed that the repelling substance 
remains in the solution in which the fungi have grown, and that it 
is not carbon dioxide. The results of the two last-named authors 
agree in indicating that the fungus hyphae are negatively chemo- 
tropic to some substances which they secrete and this negative 
chemotropism is much greater than any positive chemotropism 
they may have for nutrients or oxygen. 

According to Ferguson ('02) the germination of certain mush- 
room spores is greatly facilitated when a small bit of living mush- 
room tissue is included in the culture, but the further development 
of hyphae from these spores is almost completely inhibited. When 
the spores which have been germinated are transferred to cultures 
in which there are no pieces of tissue a continuous development of 
hyphae takes place. This observation would seem to indicate that 
the pieces ot living tissue exerted some influence which inhibited 
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further growth and that its inhibitory effect was first felt by the 
delicate germ-tubes. 

Wehmer (’91, '06) has demonstrated that certain of the fungi do 
produce a very toxic substance, namely, oxalic acid. 


PLAN OF THE EXPERIMENTS 


One general feature of the foregoing work upon excretions 
has been the indication that the amount of substance excreted is 
very small. The removal of toxic substances by the use of a 
small amount of absorbing material or by momentary boiling are 
evidence that refined methods are necessary in their investigation. 
The amount of toxic substances present is so small that an ordi- 
nary chemical analysis of the soil does not give evidence of them. 

The assumption on the part of Braconnot (’39), Walser (38), 
Boussingault (’41), and others that these substances existed in 
sufficient amounts to be detected by ordinary analysis was a funda- 
mental error, which kept other workers from investigating their 
nature and action. At the same time there is evidence which can- 
not be overlooked that the plant is sensitive and does respond to 
the presence of deleterious substances. The following experi- 
ments were therefore so planned that the plant itself could be used 
as an indicator of the excretion of deleterious substances from its 
roots. 

For indicating the presence of a small amount of deleterious 
material, the rate at which the root of a plant elongates is not en- 
tirely satisfactory. Experiments like those of Lilienfeldt (’05) and 
especially those of Fulton (’06) show that the chemotropic behavior 
of an organism can be depended upon to indicate the presence of 
small amounts of deleterious substances. Seedlings of wheat and 
oats (7riticum vulgare and Avena sativa) were used as indicators 
in most of the experiments, since it was found that their roots were 
chemotropically sensitive to the deleterious substances studied. 
The wheat seedlings used were germinated in water by a method 
devised in the laboratory of the Bureau of Soils, and described by 
Livingston ('06). The seedlings germinated by this method were 
remarkably uniform, and their roots were straight and free from 
any adhering particles. The design of the experiments included 
a study of the behavior of the roots of wheat seedlings in the 
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presence of excreta from plants of the same and other species. 
The latter experiments employed seedlings of corn (Zea Mays), 
cowpeas (Vigna Catjang) and oats (Avena sativa). 

For the purpose of making investigations upon the chemotro- 
pic behavior of roots it was necessary to employ a medium which 
was as nearly non-nutrient as possible. In the first experiments 
clean quartz sand was used as a medium in which to grow the 
plants. Owing to the difficulty of filling the tubes of small dia- 
meter and the necessity (described below) of rotating the cultures, 
the sand was not suited to the purpose of experimentation. After 
some preliminary tests, agar agar proved to be a very satisfactory 
medium to serve as a substratum. The fibers of agar agar were 
soaked in one or two changes of distilled water at room temper- 
ature to remove the slight amount of soluble matter present. The 
agar agar was then melted by boiling it in distilled water in the 
ratio of 2 parts of agar to 100 of water. The melted agar was 
filtered through absorbent cotton and gave a preparation which 
remained clear when reheated. The agar was poured out and 
allowed to cool to 30°-35° C. at which temperature it was just 
beginning to harden. The roots of the seedlings were put in at 
this time and were firmly held when the agar became set. In agar 

prepared in this manner the root system developed in a perfectly 
~ normal manner. The roots were clean and white, and showed no 
distortion nor swellings as they do in unfavorable media. The 
behavior of the roots could be noted at any time through the 
transparent agar jelly. The glass receptacles in which the seed- 
lings grew were always covered with black paper to exclude light. 
Since the agar jelly contained about 98 per cent. of water, the 
plants were able to obtain an ample supply for growth. Small 
quantities of distilled water were added daily to keep the surface 
of the agar moist and to prevent the formation of fissures. 

The remarkable freedom of the agar from growth of moulds 
and bacteria showed how free it was from substances which might 
serve as nutrients. Although the jars containing the agar cul- 
tures stood open from 4 to 10 days they were very rarely infested 
with moulds or bacteria and the few plants that were thus infested 
were discarded * from the results. 


* Vide infra for experiments:-eliminating bacteria, 
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PRELIMINARY EXPERIMENTS 


The first experiments were designed to perfect a method of using 
the plant so that it would serve as an indicator of the deleterious 
root excretions, if such substances were produced. 

Several sorts of perforated tubes of glass and mica 
were tried; in the end it was found that more satisfactory 
results were obtained from the use of glass tubes having 
an internal diameter not greater than 1 cm. The best 
results were obtained from the use of segmented glass 
tubes, having small openings between the segments 
(FIGURE I). The tubes were made from glass tubing 
having an internal diameter of 6 or 8 mm. Pieces of 
tubing 10 cm. long were closed at one end by fusion. 
Each of these pieces was then cut into three nearly equal 
lengths. These three segments were then bound to a 
glass rod, leaving a space of two or three mm. between 
adjoining segments. They thus formed a straight seg- 
mented tube with narrow openings about one-third of 
the distance from the top and bottom respectively. 

The segmented tubes were placed in a vertical posi- 
tion in small glass jars, the fused ends of the tubes rest- 
ing on the bottom of the jar. Pure non-nutrient agar, 
which had been washed in three changes of distilled 
water and melted in distilled water, was poured into the 
jars until its level reached the tops of the tubes. When the agar 
had cooled to a temperature between 35° and 38° C., the roots 
of a wheat seedling three days old were inserted in the open, 
upper end of each segmented tube. 

The design of such an arrangement was to enclose the grow- 
ing roots in a small space in which the toxic excretions would be 
_ confined. At the same time, it provided at intervals small open- 
ings through which there would be some diffusion of the toxic 
products to the exterior. When the growing roots reached one 
of these regions from which diffusion was taking place, they would 
have a chance to respond to this unequal distribution of the dele- 
terious substances. Such response would be plainly manifested 
by the growth of the roots toward regions where deleterious sub- 
stances were less abundant. In other words, the roots might 
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curve and grow out of the narrow openings between adjoining 
segments of the tube. 

The first experiment employed a total of 26 roots. The jars 
containing the tubes and seedlings were wrapped in black paper 
and stood ina well lighted portion of the laboratory. At the 
expiration of 6 days, it was found that 14 of the roots had turned . 
from their normal downward course and grown out through the t 
narrow openings into the surrounding agar. The experiment was . 
repeated three times, using a total of go roots, 48 of which grew 
out of the tubes through the narrow openings. It will be noted 
that this is a response of 53 per cent. of the roots employed. 

Since the wheat roots are positively geotropic and possess | 
thereby a natural tendency to grow vertically downward, it must | 
be assumed that there was some definite stimulus acting at the 
narrow openings of the segmented tubes which caused them to 
curve and grow out. The roots in these and later experiments 
showed no distortion nor traumatic curvatures. They always 

_ grew straight until reaching the openings through which they 
passed out into the surrounding medium. 

It seems justifiable, therefore, to conclude that their curvature 
was a response to the presence of some substance or substances to 
which they were negatively chemotropic. Inside the narrow tube 
these substances were comparatively concentrated, but at the 
narrow openings the deleterious substances had partially diffused 
toward the exterior. When the roots reached the regions from 
which diffusion had taken place they responded by curving and 
growing out of the tubes. The same phenomenon of diffusion 
will explain why the roots did not find the agar in the lower part ) 
of the tubes as favorable for growth as that outside the tube. 

The following experiment may be cited in further support for 
the above statements : 

Several jars containing melted agar, which had cooled to 36°- 
38° C., were thickly planted with wheat seedlings. In a few days 
the roots of the seedlings completely permeated the masses of 
agar, they were allowed to grow for a week longer and then care- 
fully pulled out, removing as little agar as possible. The agar 
was melted over a steam bath at a temperature of 70°-80° C., 
filtered through absorbent cotton and poured into clean jars. 
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Controls were set up simultaneously which contained freshly pre- 
pared agar. Each lot of jars received a set of segmented glass 
tubes and when the agar had cooled to the proper temperature, 
wheat seedlings were inserted in the open ends of the segmented 
tubes. If the foregoing hypothesis regarding the presence and 
diffusion of toxic waste products be true, one would expect fewer 
roots to leave the segmented tubes when they were surrounded by 
a medium which already contained the waste products, because 
there would be a more equal concentration of them throughout 
the entire medium. This is precisely what was observed. Of 23 
roots which grew in the used agar, only 8 curved and grew out of 
the tubes. Of 13 contro] roots, 7 turned and grew out of the 
tubes. 

Do the roots in the tubes curve because of an insufficient supply 
of oxygen? There might be some doubt as to whether part of the 
response might arise from a deficient supply of oxygen in the small 
tubes, and the question “ Do the roots in the tubes curve because 
of a possibly insufficient supply of oxygen?” naturally presents 
itself. The evidence obtained by Bennett ('04) is entirely against 
such behavior. The author just mentioned made very careful and 
exhaustive experiments with the roots of land plants, but was 
unable to find any evidence whatever that direction curvatures 
could be induced by the one-sided application of such gases as 
oxygen or carbon dioxide. It was deemed desirable, however, 
to test the roots of wheat seedlings in the experiments under con- 
sideration. A number of segmented glass tubes were set up in 
jars of freshly prepared agar and a wheat seedling placed in the 
upper end of each tube. When the agar had become partially 
solidified, air bubbles were produced by manipulating a glass tube 
in it. The bubbles were formed at the surface of the segmented 
tubes and at the level of the narrow openings. When the roots 
grew downward, they showed the usual curvature at the openings. 
They did not, however, show any tendency to grow toward the 
air bubbles, nor to the agar in the vicinity of the air bubbles. 
Many roots grew directly through air bubbles and passed on with- 
out being deflected from their course by the presence of air bubbles. 
It would be manifestly wrong to base judgment on this question 
if the roots passed from the agar in the air bubble and remained 
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there, since the environment would be changed in respects other 
than air content. One might expect, however, that if an aerotropic 
tendency were manifested it might be shown by roots turning 
toward the agar in the vicinity of the air bubbles. Such a ten- 
dency was not manifested by roots in this or other experiments 
where air bubbles were present, hence it follows, that the results 
reported are really due to a stimulation of the roots by some dele- 
terious substance and not to a deficiency of oxygen. 

The behavior of the roots of oat seedlings in the presence of their 
own excreta, — For comparison with the behavior of the roots of 
wheat seedlings a series of tubes was prepared which held oat 
plants. The segmented tubes contained and were surrounded by 
freshly prepared agar. The experiment lasted 6 days. The agar 
in the tubes became so toxic that 13 of the 39 roots employed 
were killed. Of the remaining roots, 19 curved and grew out of 
the tubes. This is a response of 73 per cent. (the roots killed 
not being considered), and shows that the roots of oat seedlings 
produced a toxic condition which was quite repellent to them- 
selves. In all cases it was the later roots which were killed. 
The roots which grew out into the surrounding fresh agar showed 
no signs of injury. 

Experiments in which malic acid was added to the culture med- 
zum, — Continuous observation of the agar in which plants were 
grown spoke against the action of the bacteria as a partial factor 
in producing the results. Nevertheless it was thought profitable 
to make an experiment in which bacteria were excluded. 

After some preliminary experiments which showed that wheat 
seedlings could tolerate malic acid, a quantity of wheat seedlings 
were grown in agar which contained 125 parts per million of malic 
acid. While this amount of acid was not sufficient to inhibit the 
growth of wheat roots, it reddened litmus paper instantly, and it 
is safe to assume that bacteria did not develop in such prepara- 
tions. Part of the segmented tubes contained this agar in which 
plants had been grown and the others were surrounded by it. 

Fifteen roots grew in segmented tubes containing fresh agar 
and surrounded by used agar. Of this number only four roots 
grew out into the used agar. Thirty-three roots grew in seg- 
mented tubes containing used agar and surrounded by freshly 
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prepared agar. Sixteen of these roots curved and grew out of the 
tubes into the freshly prepared agar. The proportion of the 
response is 56: 100, which is almost precisely the proportion ob- 
tained where no precautions were taken to exclude bacteria. 
Hence it is believed that the results related in this paper are not 
induced (although they may be modified) by the action of bacteria. 

Experiments in which the attractive effect of gravity on the roots 
was neutralized, — It is evident to anyone familiar with the growth 
of roots that the positive geotropism, inherent in the wheat roots 
would hinder their lateral curvature and growth out of the tubes. 
The responses which have been thus far obtained are therefore the 
resultant responses to these two stimuli. One might expect that 
a root which was only feebly stimulated by the presence of the 
deleterious substances might be more strongly stimulated to grow 
downward by the attractive force of gravity and hence show no 
response. The action of gravity cannot be eliminated but it can 
be neutralized by revolving the plants so that all sides are equally 
stimulated. Accordingly in the subsequent experiments the pre- 
parations containing the seedlings were rotated by attaching them 
to the arms of a klinostat driven by a small electric motor. The 
dial which supported the arms was 25 cm. in diameter and revolved 
once in two minutes. The construction of klinostat and general 
method of use were similar to the type previously described by 
Reed ('03). 

In all the following experiments the segmented tubes were 
contained in glass vials 10 cm. long and 2.5 cm. in diameter. The 
vials were attached to the arms of the klinostat in such a way that 
they revolved in a plane perpendicular to their long axis. One 
wheat seedling was placed in each segmented tube and each experi- 
ment lasted several days. 

Three experiments were performed using freshly prepared 
agar. Out of a total of 47 roots, 31 curved and grew out of the 
segmented tubes, a response of 66 per cent. The response in 
similar tubes which had not been rotated had been 53 per cent. 

Summing up the results of these experiments, it appears that 
the roots of wheat seedlings are repelled by some deleterious sub- 
stance or substances produced during growth and that a satisfac- 
tory means of demonstrating the same is by the use of segmented 
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glass tubes. Evidence is displayed to show that the curvature 
of the roots is not due to the action of light, of gravity, of water, 
nor to a lack of oxygen. Since the medium employed as a soil is 
as nearly as possible non-nutritive, the question of plant nutrients 
does not complicate the study. When the effect of gravity is 
neutralized, a larger proportion of the roots respond to the stimu- 
ulus produced by the presence of toxic excreta. 


EXPERIMENTS SHOWING THE BEHAVIOR OF WHEAT PLANTS GROW- 
ING IN A MEDIUM CONTAINING THE EXCRETA FROM THE 
ROOTS OF WHEAT OR OTHER PLANTS 


With the foregoing results in hand, the next problem was to 
study the behavior of one plant in the presence of excreta from 
various other plants. Wheat was selected as the plant to be em- 
ployed as an indicator, since the roots which it puts out after the 
short life of the primary root are positively geotropic and suffi- 
ciently sensitive for chemotropic reactions. 

It was shown in the preliminary experiments that the toxic 
effects remained in the agar in which the plants had grown. It 
was also shown that the toxic effects persisted when such agar was 
melted and used again. In the experiments which are next to be 
described the effects of root excretions from wheat, corn, cowpeas, 
and oats were studied. The agar containing their excretions was 
obtained in each case by planting a large number of seedlings in 
a dish of soft agar and allowing them to grow for 8 to 15 days, 
according to the plant employed. Ina few days the agar was com- 
pletely permeated by the roots of the plants, the plants being 
nourished in the meantime by the reserve materials of the seed. 
When the agar was to be used for experiment the plants were 
pulled out, removing as little agar as possible. The agar was then . 
placed in a shallow, covered dish on the steam-bath, stirred and 
heated to 75-80° C. Continued heating at a high temperature 
changes or destroys the toxic substance ; even at this temperature 
some of the toxic effect was probably lost. As soon as the agar 
was completely melted it was filtered through absorbent cotton into 
the desired receptacles and cooled to room temperature. Distilled 
water was added to restore that lost by evaporation. 

The following series of experiments were so designed that the 


294 SCHREINER AND REED: EXCRETIONS BY ROOTS 


used agar was tested against freshly prepared agar, the segmented 
glass tubes being filled with one and surrounded by the other. 
The mode of procedure was as follows: Clean segmented tubes 
were placed in a jar of liquid agar and when it had cooled to the 
proper temperature a seedling was placed in the mouth of each 
tube. When the agar had hardened throughout the entire jar, the 
tubes could be removed without disturbing the seedling or losing 
any agar from the tubes. The tubes were transferred to vials con- 
taining the other sort of agar which had cooled to a temperature 
between 30° and 35° C. When this agar was completely hardened, 
the vials were wrapped in black paper and put upon the klinostat. 
The quantity of agar in which plants had grown was always sepa- 
rated into two portions, one of which was used within a set of 
tubes and the other portion without another set of tubes. This 
procedure made each set of results a control on the accompanying 
results. Thus, the experiments designated under each heading as 
“a” constitute a check against those designated as “‘b” and vice 
versa. 


WHEAT SUCCEEDING WHEAT. 

(a) Wheat plants in tubes containing fresh agar and surrounded 
by agar in which wheat had been grown. The used agar was ob- 
tained and prepared in the manner outlined above. Five experi- 
ments were conducted comprising 89 roots. The details are given 
in the accompanying table. 


ble oots Whi rew 
Experiment No. | | R Per Cent. Response. 
| 
I | 8 ° | ° 
3 12 2 16 
4 32 | 13 40 
5 15 4 26 


Average for the five samples of agar, 27 per cent. 


It will be noted that an average of only 27 per cent. of the 
roots which grew as far as to the first opening in the tube, turned 
and grew out into the surrounding agar, in which wheat plants 
had previously grown, as against 66 per cent. when fresh agar was 
also used on the outside, as in the experiment already described. 

(6) Wheat plants in tubes containing agar in which wheat had 
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been grown and surrounded by fresh agar. The results of six ex- 
periments are presented showing that 62 per cent. of the roots 
capable of responding grew out of the tubes containing the agar 
in which a previous wheat crop had grown into the fresh agar 
surrounding the segmented tube. 


Experiment No. Roots Capable of | Roots Which Gre 


Responding. | Out of Tubes. Per Cent. Response. 
; 7 87 
13 | 4 31 
3 II 6 55 
| 6 | 75 
5 33 16 | 48 
6* | | | 


Average response for the six samples of agar, 62 per cent. 


It will be noted that the percentage of diverted roots in the 
several experiments varies somewhat. This is due to the varying 
toxicity of the agar derived at different times and from different 
crops, as shown by the fact that the differences are consistent in 
the two series, namely, that a high result in series “a” is always 
accompanied by a low result in series “ 4”’ and vice versa for the 
same sample of used agar. 

In the development of roots and tops the plants in series “6” 
excelled. This is probably due to the greater total quantity of 
fresh agar in that set. As soon as the roots passed out of the 
segmented tubes the sensitive and absorbing portions were in a 
medium containing a relatively small amount of toxic excreta. It 
is obvious from these data that toxic substances remain in the used 
agar and exert an influence on the succeeding crop. When the 
roots growing in freshly prepared agar reached the openings in the 
segmented tubes 27 per cent. of them grew out into the used agar, 
whereas under the opposite set of conditions 62 per cent. of the 
roots grew out of the tubes, the proportion of the responses 
being 44:100. This plainly indicates that in the agar which had 
grown a crop there is some toxic substance, the only source of 
which could be the excreta from the roots of the previous crop. 


WHEAT SUCCEEDING CORN. 
The corn used in these experiments was a variety of pop-corn, 


* Experiment 6 has no corresponding experiment in table ‘‘a’’ of this series. 
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When the seedlings had attained a length of 5 cm. they were 
planted thickly in dishes of soft agar. At the expiration of 10 to 
15 days the seedling plants were removed and the agar melted for 
experiments in the manner previously described. 

(a) Wheat plants in tubes containing fresh agar and surrounded 
by agar in which corn had grown.— The accompanying table sum- 
marizes the results of four experiments. As much as 59 per cent. 
of the wheat roots capable of response curved out and grew out 
of the tubes away from their own excreta into the agar containing 
the excreta of the previous corn crop. 


Roots Capable of Roots Which Grew 
Experiment No. Resoties. Out of Tubes. Per Cent. Response. 
I 13 7 | 54 
2 20 | 10 50 
3 } 1 9 | 69 
4 2 17 61 


(6) Wheat plants in tubes containing agar in which corn had 
been grown and surrounded by fresh agar.— Four experiments 
were likewise performed in this series. Here 62 per cent. of the 
roots curved and grew out of the tubes. The details are shown 
in tabular form. 


Experiment No. | _—o of — | Per Cent. Response. 
I | 24 16 67 
2 32 18 56 
3 39 27 | 69 
4 9 5 56 . 


Average response of the four samples of ‘agar, 62 per cent. 


These results obtained from the use of agar in which pop-corn 
had previously grown showed that such agar is decidedly less 
toxic to wheat than the agar in which wheat had grown. In all 
cases where pop-corn agar was used a high per cent. of roots 
curved and grew out of the tubes. The figures obtained, 59 and 
62 per cent., stand notably near that obtained when only freshly 
prepared agar was employed, namely 66 per cent. The percent- 
ages obtained in series “‘ a’’ and “6” are the proportion of 95:100, 
the difference lying within the limit of experimental error. This 


| | 
ine Average response for the four samples of agar, 59 per cent. 
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means that the roots behave nearly the same whether the tubes 
are surrounded by fresh or used agar, and that the toxic effect of 
the agar in which corn has grown is small, the used agar being, 
in fact, practically as good as if freshly prepared agar had been 
used. 


WHEAT SUCCEEDING COWPEAS. 


The same method of procedure was followed as in the previous 
experiments. 

(a) Wheat plants in tubes containing fresh agar and surrounded 
by agar in which cowpeas had grown, — The results of four experi- 
ments employing 82 roots are tabulated. 


Experiment No. of Per Cent. Response. 
I 12 8 67 
2 38 21 55 
3 23 9 39 
9 6 07 


hrcag|* al Average response for the four samples of agar, 57 per cent. 
(6) Wheat plants in tubes containing agar in which cowpeas had 
grown and surrounded by fresh agar.— The four experiments 


corresponding to the above employed a total of 96 roots ; the 
details are here given in tabular form. 


Experiment No. of | Per Cent. Response. 
20 | 55 
3 26 | 17 65 
4 19 Il 58 


Average response for the four samples of agar, 63 per cent. 


The results of these two sets of experiments are closely simi- 
lar to the preceding experiments, which employed agar in which 
corn had grown. That is to say, it makes little difference so far as 
this response is concerned, whether the used agar is outside or 
inside of the segmented tubes. The results in the experiments 
with cowpeas are in the proportion of 9g0:100. 

This is interpreted to mean that the excreta of the cowpea 
roots are very slightly toxic to roots of wheat seedlings. 
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WHEAT SUCCEEDING OATS. 

The results of the.preceding experiments point quite distinctly 
to the conclusion that the waste products of some plants are only 
slightly toxic to wheat seedlings. It seemed desirable to test 
oats, a more closely related species to wheat than either of the 
other two tested, and one which in agricultural rotation is a bad 
crop to precede wheat. 

Oat seedlings were allowed to grow for 8 to 10 days in non- 
nutrient agar, which was then melted for use as in preceding 
experiments. 

(a) Wheat plants in tubes containing fresh agar and surrounded 
by agar in which oats had grown.—The accompanying table 
shows the results of four experiments comprising 87 roots. 


Roots Capable of | Roots Which Grew 


Experiment No. Responding. Out of Tubes. | Per Cent. Response. 
I 21 11 | 52 
: 34 19 56 
3 15 6 40 
4 : 8 47 


Average for the four samples of agar, 49 per cent. 

It will be noticed that only 49 per cent. of the roots grew out 
of the tubes into the agar in which oats had grown as against 66 
per cent. in the case of the fresh agar in the experiments already 
given. 

(6) Wheat plants in tubes containing agar in which oats had grown 
and surrounded by fresh agar. The following table gives the re- 
sults of four experiments which are complements of those given 
under “ a.” 


Roots Capable of Roots Which Grew 


Experiment No. Respending. Out of Tubes. Per Cent. Response. 
I 24 16 67 
2 21 13 62 
3 45 23 51 
4 19 12 63 


» Average response for the four samples of agar, 61 per cent. 


The results of these experiments show that the agar in which 
oats had grown was more toxic than that in which corn or cow- 
peas had grown. When oats agar was used the proportion of 
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roots which left the tubes in experiments ‘a’ and “6’’ was 
80 :100, showing that there was a sensible difference whether the 
used agar was within or without the tubes. From these relations 
we may conclude that the excreta of oats are more toxic to the 
roots of wheat seedlings than those of corn or cowpeas, a con- 
clusion which is substantiated by the results obtained in crop ro- 
tation. If we represent the responses of the roots in the different 
experiments in the form of percentages, we obtain the following : 

Wheat succeeding wheat, 44 per cent. 

Wheat succeeding oats, 80 per cent. 

Wheat succeeding corn, 95 per cent. 

Wheat succeeding cowpeas, gO per cent. 

Summing up the results of these experiments which demon- 
strate the effect of root excreta from various sources upon wheat 
roots, it may be noted (1) that the excretions from no other roots 
were so deleterious to wheat as its own excretions, (2) that the 
excreta from oats were more harmful than those from the more 
distantly related plants, cowpeas and corn, (3) that the plants 
which succeed best in a rotation of crops with wheat, produce 
excreta which are least harmful to wheat. 


THE ROLE OF TOXIC EXCRETA IN THE ASSOCIATION AND 
SUCCESSION OF PLANTS 


The production of such toxic excreta as have been demon- 
strated in this paper throws light upon the problem of association 
and migration of species and individuals in the vegetable kingdom. 
The problems of natural association and migration among plants 
were, as one of us has shown in another publication (Reed '05), 
among the first studies of ecologists. It has long been known 
that various physical factors, ¢. g. light, water, etc., often determine 
the limit of the range of a given species, but it has been repeatedly 
admitted that they are not sufficient to explain certain important 
problems of association and succession. The importance and 
activity of biological factors cannot now be overlooked by any 
student of ecology. The working of root excreta in causing as- 
sociation and succession are admirably illustrated by the investi- 
gations of the Woburn Experiment Station, Jones and Morse, and 
Jensen, cited in the first part of this paper. 
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A very apt illustration of the way in which toxic excreta may 
act in bringing about migration is the case of the “ Fairy Ring” 
fungi. The curiously regular growth of the ring in a continually 
widening circle may be due to the production of toxic excreta by 
the growing fungus. The young mycelium grows best on the 
outside of the ring because it is less affected by the excreta left in 
the soil within the ring. The common explanation for the devel- 
opment of fairy rings is based upon the assumption that the soil 
within the ring is so depleted of nutrients that it is unable to sup- 
port the growth. An investigation of the chemistry of fairy rings 
by Gilbert ('75) and Lawes (’83) showed such a slight difference be- 
tween the soil inside and that outside of the ring that this difference 
cannot explain the entire absence of fungi within the ring. The 
total nitrogen outside of the rings (average of five rings) was .281 
per cent. ; inside of the rings it was .247 per cent., a difference of 
.034 per cent. The average content of carbon outside the rings 
was 3.30 per cent., inside the rings 2.78 per cent., a difference of 
.52 per cent. With our present knowledge of the ability of plants 
to absorb and utilize nutrients, these slight differences are utterly 
inadequate to explain the entire absence of fungi within the ring. 
The existence of toxic excreta in the soil would, however, explain it. 
It is of interest to note that such an explanation of fairy rings was 
suggested by Way ('47). This investigator admitted “ that by far 
the most scientific and intelligible solution of the question is that 
which was based upon DeCandolle’s theory of the excretions of 
plants.” But on account of objections which appeared insuperable 
to him he was unable to accept it as a satisfactory explanation. 

Another illustration of the possible effect of root excreta in 
producing associations may be found in the “oak openings.” 
These characteristic grassy tracts existed in the natural oak forests 
of Ohio, Indiana and southern Michigan before they were modi- 
fied by man. From some hitherto unexplained cause the forest 
was apparently unable to advance into these small prairies. In 
assuming that the grasses produced some substances which were 
unfavorable to the roots of trees, we have a factor which possibly 
has importance in the maintenance of such natural societies. 

It is quite probable that the excretion of small amounts of 
deleterious substances is a general phenomenon among all plants. 
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In view of the very potent effect of the excretions of the plants 
which have been studied it can only be concluded that the excre- 
tions from plants and the accumulation of such excretions in the 
soil are of the utmost importance in determining such phenomena 
as association, invasion, and succession. 


SUMMARY 


1. It has long been known that certain of the lower plants 
produce substances of an excretory nature which render their en- 
vironment unsuitable for further growth; but it is only recently 
that data have been presented to show that the roots of the higher 
plants may excrete substances which are deleterious to their further 
growth. 

2. The experiments related in this paper show that healthy 
growing plants excrete from their roots substances which have a 
deleterious effect upon the growth of the root. 

3. The excreta produced by the roots are so small in amount 
that, up to the present time, they have not been detected by chem- 
ical analysis. The chemotropic sensitiveness of the plant does, 
however, afford a means of detecting and demonstrating experi- 
mentally the presence of root excreta. 

4. The experiments described in this paper show that, as a 
rule, the excreta produced by a plant are most toxic to plants of 
that same species. So far as studied the excreta are more toxic 
to closely related species than to distantly related ones. Obser- 
vations in the field indicate that there are: specific instances in 
which the excreta of one species are extremely toxic to other dis- 
tantly related species. 

5. The production of toxic excretions by the roots of the higher 
plants appears to afford an explanation of some of the important 
phenomena connected with association, invasion, and succession of 
plants. It is no less important as an explanation of certain un- 
derlying principles in agriculture, chief among which are those 
of crop rotation and the productivity of the soil. 


BUREAU OF SolLs, U. S. DEPARTMENT 
OF AGRICULTURE, WASHINGTON, D. C. 


| 

| 
| 


302 SCHREINER AND REED: EXCRETIONS BY ROOTS 


LITERATURE 


Bennett, M. E. (’04.) Are roots aerotropic? Bot. Gaz. 37: 241. 
1904. 

Boussingault, J. B. (’41.) Dela discussion de la valeur relative des 
assolements par les résultats de l’analyse. Annal. Chim. et Phys. 
I: 217. 

Braconnot, H. (’39.) Recherches sur |’influence des plantes sur le 
sol. Annal. Chim. et Phys. 72: 27. 1839. 

Brugmans, S. (’89.) De mutata humorum in regno organico indole 
a vi vitali vasorum derivanda. 1789. 

Clark, J. F. (’o2.) On the toxic properties of some copper com- 
pounds with special reference to Bordeaux mixture. Bot. Gaz. 33: 
26. 1902. 

De Candolle, A. P. (’32.) Physiologie végétale. Paris, 1832. 

Eijkman, C. (’04.) Uber thermolabile Stoffwechselprodukte als 
Ursache der natiirlichen Wachstumshemmung der Mikroorganis- 
men. Centralbl. f. Bakt. I Abt. 37: 436. 1904. 

Emmerlich, R. & Loew, 0. (’99.) Bakteriolytische Enzyme als 
Ursache der erworbenen Immunitaét und die Heilung von Infek- 
tionskrankheiten durch dieselben. Zeitschr. f. Hygiene 31: 1. 
1899. 

& Korschun, A. (’02.) Die bakteriolytische Wirkung der 

Nukleasen und Nukleasen-immunproteidine als Ursache der natiir- 

lichen und kunstlichen Immunitét. Centralbl. f. Bakt. I Abt. 

31: 1. Igo2. 

(’02.) Schutzimpfung durch Anthrakase-Immunproteidin 
gegen Milzbrand. Centralbl. f. Bakt. I Abt. 32: 821. 1902. 
Ferguson, M. C. (’02.) A preliminary study of the germination 
of the spores of Agaricus campestris and other basidiomycetous 
fungi. Bull. 16, Bur. Plant Industry, U. S. Dept. Agric. 1902. 

Fulton, H. R. (’06.) The chemotropism of fungi. Bot. Gaz. 
41:81. 1906. 

Gasparrini, G. (’56.) Richerche sulla natura dei succiatori e la 
escrezione delle radici, ed osservazioni morfologiche sopra taluni 
organi della Lemna minor. Napoli, 1856. 

———. (’57.) Bot. Zeit. 1§: 773. 1857. 

Gilbert, J. H. (’75.) Note on the occurrence of fairy rings. Jour. 
Linn. Soc. Bot. 15:17. 1875. 

Jensen, C. A. (’07.) Some mutual effects of tree roots and grasses 
upon soils. Science II. 25: 871. 1907. 


SCHREINER AND REED: EXCRETIONS BY ROOTS 303 


Jones, L. R. & Morse, W. J. (’03.) The shrubby cinquefoil as a 
weed. Ann. Rep. Vermont Agr. Exp. Sta. 16: 188. 1903. 

Lawes, G. & Warington, R. (’83.) Contribution to the chemistry of 
‘* fairy rings.’’ Jour. Chem. Soc. 44: 208. 1883. 

Lilienfeldt, M. (’05.) Ueber den Chemotropismus der Wurzel. 
Ber. Deuts. Bot. Gesell. 23:91. 1905. 

Livingston, B. E. (’o05.) (With Brirron, J. C, and Rem, F. R.). 
Studies on the properties of an unproductive soil. Bull. 28, Bur. 
of Soils, U. S. Dept. Agric. 1905. 

- (’06.) A simple method for experiments with water cult- 
ures. Plant World 9:13. 1906. 

Macaire-Prinsep, I. (’32.) Mémoire pour servir a l'histoire des 
assolemens. Mém. Soc. Phys. et Hist. Nat. Généve §: 287. 1832. 

- (’33-) Ann. d. Pharm. 8: 78. 1833. 

Newcombe, F.C. (’02.) The rheotropism of roots. Bot. Gaz. 33: 
343- 1902. 

Plenck, J.J. (’94.) Physiologia et pathologia plantarum. 1794. 

Rahn, 0. (’06.) Uber den Einfluss der Stoffwechselprodukte auf 
das Wachstum der Bakterien. Centralbl. f. Bakt. II Abt. 16: 417. 
1906. 

Reed, H. S. (’03.) Methods in plant physiology. Jour. Appl. Micros. 
6: 2269. 1903. 

- (’05.) A brief history of ecological work in botany. Plant 
World 8: 163, 198. 1905. 

Unger, F. (’36.) Einfluss des Bodens auf der Vertheilung der Ger- 
wachse. Wien, 1836. 

Walser, E. (’38.) Untersuchungen iiber die Wurzelausscheidungen. 
Dissertation. Tiibingen, 1838. 

Way, J.T. ('47-) On the fairy rings of pastures as illustrating the 
use of inorganic manures. Jour. Roy. Agr. Soc. 7: 549. 1847. 

Wehmer,C. (’g1.) Entstehung und physiologische Bedeutung Oxal- 
saiire in Stoffwechsel einiger Pilze. Bot. Zeit. 49: 233. 1891. 

- (’06.) Die Bildung freier Oxalsaiire durch Aspergillus 
niger. Ber. Deuts. Bot. Gesell. 24: 381. 1906. 

Woburn Experimental Fruit Farm. (’03.) Third Report, 1903. 


| 
| 


New species of fungi 


CorNELIus Lott SHEAR 


The following fungi appear to be undescribed. Most of them 
have been discovered during our studies of the fungous diseases of 
the cranberry. Type specimens of all are deposited in the patho- 
logical collections of the Department of Agriculture. 


Ozonium omnivorum sp. nov. 


No fructification definitely known. Sterile mycelium usually 
a dirty yellow, sometimes whitish when young or growing in cul- 
tures or in the vessels of vascular bundles of plants ; hyphae form- 
ing strands and spreading from them, producing a rather dense 
arachnoid layer on the surface of the host and bearing 1 to 4 
branches arising and growing at right angles from the same point 
near the ends, diameter 3-5 », tapering toward the ends. 


Type, zo. 1447 C. L. S., on cotton root, Petty, Texas, Sept. 2, 
1905. The fungus occurs from eastern Texas to southern Cali- 
fornia and has also been found in southern Oklahoma and Indian 
Territory. This fungus is a facultative parasite infesting the soil 
and attacking the roots of a great variety of plants and causing 
serious damage to cultivated crops, such as cotton, alfalfa, cow- 
peas, sweet potatoes, beets, and fruit trees. Few crops except 
grasses and grains are free from it. The fungus was described 
and figured by Pammel * who called it Ozonium auricomum Link. 
Having had an opportunity to examine Link’s type at Berlin, we 
are convinced that this fungus is quite different from his. O. auri- 
comum Link is somewhat similar in color but has a much coarser 
and looser mycelium, and lacks entirely the slender tapering 
branches arising at right angles which are so characteristic of O. 
omnivorum. O. auricomum occurs in Texas, but so far as observed 
only as a pure saprophyte. Owing to the important economic 
relations of this root-rot fungus, it seems desirable to give it a 
specific name, even though its fruiting formis not known. We 


*Ann. Rep. Texas Agr. Exp. Sta. 2: 61 et seq., p/. 2, 7. 1880. 
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have grown it in pure cultures on various media for several years, 
but it never produced spores of any kind. 


Sporotrichum Quercuum sp. nov. 
Sporotrichum sulfureum Grev. f. Quercuum Thiim. Mycotheca 

Universalis Exs. xo. 986, without description. 

Cespitulose, tufts subglobose, somewhat floccose, gregarious or 
scattered, 0.12—1 mm. in diam., sulphur-colored at first, becoming 
greenish as spores mature ; each tuft is composed of small rounded 
masses of fertile hyphae bearing conidia ; these masses are held 
together rather loosely by yellowish, branched, sterile hyphae ; 
conidia greenish in mass, subglobose, 1.5—2 diam., borne at the 
ends of densely packed globose masses of conidiophores, the 
ultimate divisions of which are about 6 long. 

Type, zo. 986 Thiimen Myc. Univ., Dept. Agriculture set, on 
decaying oak leaf, collected by J. B. Ellis, in New Jersey presum- 
ably, summer of 1876. The species is common about Washing- 
ton in the summer and autumn on partially buried oak leaves ot 
various species and occasionally on leaves of other trees. It is 
also represented by wo. 1478 C.L.S., on buried leaves of Quercus 
coccinea and Castanea dentata, Takoma Park, Maryland, Septem- 
ber 24, 1906. 

The plant has a very characteristic macroscopic appearance. 
The groups of yellowish or greenish, globose masses when ex- 
amined with a hand lens can be seen to consist of a cluster of 
smaller spore-masses, rather loosely held together by the floccose 
sterile hyphae. The larger hyphae at the base and interior of the 
mass are minutely roughened. Whether conidia are borne on 
these or not could not be determined. Judging from Greville’s 
figure (Scot. Crypt. Fl. p/. zo8. f. 2) our plant is not very 
closely related to his S. su/phureum. 


Cladosporium Oxycocci sp. nov. 


Sporophores hypophyllous, simple, septate, flexuous, yellow- 
ish-brown, erect or spreading, arranged in small tufts which arise 
from a small, compact, sclerotoid base and are scattered over the 
surface of reddish-brown spots which frequently become light- 
colored at the center when old, 50-100 long; conidia acroge- 
nous, yellowish-brown, I-3 on each sporophore, subcylindrical or 
somewhat clavate when mature, continuous or uniseptate, 15-24 


x 3-444. 
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Type, zo. 1492 C.L.S., on living leaves of Vaccinium macrocar- 
pum, Arichat, Nova Scotia, June 21, 1902; also collected at Belleplain 
and Parkdale, N. J.; and near Wareham, Mass., June 7, 1906, H. 
J. Franklin. 

Helminthosporium inaequale sp. nov. 

Sterile hyphae effuse, decumbent, much branched, dark-brown, 
sometimes forming compact strands of 3-12 filaments. Fertile 
hyphae ascending or suberect, septate, very variable in length, 
6-8 diam., bearing both terminal and lateral conidia; conidia 
inequilateral or curved, 3-5-celled and thick-walled, brown, 
22-32 xX 11-14, central cell usually larger than the others and 
swollen. Erect, slender, somewhat branching, hard, black, sclero- 
toid bodies are formed in abundance in old cultures. These when 
transplanted will produce conidia, but no other form of fructifica- 
tion has occurred. 

Type, slide xo. 1498 from pure culture no. 4576 isolated from 
pulp of diseased cranberries from New Jersey, November, 1905. 
This fungus has only been obtained in cultures. 


Phyllosticta putrefaciens sp. nov. 


Pycnidia gregarious, buried or subsuperficial, globose or sub- 
globose, membranous, dark-brown or nearly black, ostiolate, 75—- 
diam.; ostiole conspicuous, surrounded by slightly 
elevated, somewhat irregular margin; spores variable in shape, 
ovoid or ovoid-elliptic, sometimes inequilateral or slightly curved, 
continuous, hyaline or faintly yellowish in mass, 3.5-5 x 2.5-3/4; 
sporophores simple, very short. 

Type, slide xo. 1496 from pure culture zo. 372, isolated from 
a diseased cranberry from Whitesville, New Jersey, September, 
1905, C. L.S. No. 1497 C. L.S., collected on cranberries which 
had been attacked by the berry worm at Wareham, Massachusetts, 
September 23, 1902, resembles this species rather closely and may 
be the same. The pycnidia in these specimens are not so well de- 
veloped and the ostiole not so distinct as in the type, while the 
spores are slightly longer, varying from 4.5-6.5 x 3. Specimens 
have also been collected on old cranberry leaves (wo. 7503 C. L.S., 
Pierceville, Mass., May 21, 1907), which belong to this species. 


Sphaeronema pomorum sp. nov. 


Pycnidia gregarious or scattered, subsuperficial, submem- 
branous, subglobose, 125-175 diam. with an ostiolate neck 75- 
150% long; spores oblong-cylindric or frequently ovoid or 
subelliptic, continuous, pale greenish yellow, 6-7 x 3y. 
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Type, slide no. 1495 C. L. S., from pure culture no. 7476. 
This fungus was isolated from a diseased cranberry, Vaccinium 
macrocarpum, from near Whitesville, New Jersey, October, 1905. 


Septoria longispora sp. nov. 

Pycnidia gregarious or somewhat scattered, globose or de- 
pressed-globose, somewhat erumpent, covered by the epidermis, 
ostiolate, 150-225 diam.; ostiole small ; spores hyaline, filiform, 
curved, frequently S-shaped, sometimes pseudo-septate, 150-240x 
3-4, when straightened some are 3004 long ; sporophores simple, 
narrow, 6—9 long. 

The length of the spores of this species is quite remarkable 
and separates it easily from the other species thus far described. 
It occurs on both fruit and foliage. 

Type, vo. 1499 C. L. S., on shrivelled rotten cranberries, still 
hanging on the vines, Hunters Mills, New Jersey, October 14, 
1902. Also on fallen cranberry leaves, vo. 1500 C. L. S., same 
locality, June 21, 1906. 


Sporonema Oxycocci sp. nov. 


Pycnidia excipuliform, thickened at the base, gradually disap- 
pearing above, arising beneath the epidermis and becoming erum- 
pent, depressed-globose, gregarious or scattered, amphigenous, 
50-100 # diam., sometimes collapsing, rupturing irregularly by 
a slit or triangular split; sporophores simple, oblong or subglo- 
bose, about one fourth the length of the spore or less; spores 
hyaline, cylindrical, straight, continuous, 17-19 x 3-4; contents 
homogeneous. 

Type, vo. 1484 C. L. S. (on slide) on dead leaf of Vaccinium 
macrocarpum, near Wareham, Massachusetts, H. J. Franklin, 
coll., May, 1906; also mo. 1g85 C. L. S., Cape Cod, Massachu- 
setts, September, 1906; and wo. 7486 C. L. S., near Whitesville, 
N. J., September 2, 1904. 

This bears a superficial resemblance to Phoma /eptidea (Fr.) 
Sacc., but that has a complete pycnidium and a distinct, regular 
ostiole. It may be the pycnidial stage of a Phacidium. 


Sporonema pulvinatum sp. nov. 


Pycnidia either epiphyllous or hypophyllous, arising from the 
epidermis, dark-brown, pulvinate, frequently collapsing, 300-420 
diameter by 100-150 thick, chamber simple ; ostiole wanting ; 
manner of rupturing not observed ; spores inequilateral or slightly 
curved, continuous, 6-8 x 2-2.5 4, hyaline or slightly greenish- 


SHEAR: NEW SPECIES OF FUNGI 309 


yellow in mass; sporophores simple, somewhat enlarged at the 
base, slightly longer than the mature spores. 


Type, no. 1480 C. L. S., on one year old leaves of Vaccinium 
macrocarpum received from Morgantown, West Virginia, June, — 
1902, and kept in a moist chamber about two weeks. Specimens 
also from near Whitesville, New Jersey, xo. 1481, November, 1905, 
and xo. 1482, from Olympia, Washington, September, 1906. 

Our plant, externally, closely resembles Sporonema epiphyllum 
(Fr.) Shear. <A study of the literature relating to this species, as 
well as a careful examination of the specimens in Fries’ herbarium 
leads us to believe that it is distinct from the plant just described. 

The pycnidia in our species are larger and the spores appear 
to be constantly smaller, less curved and without indication of a 
pseudoseptum. It bears a superficial resemblance to young speci- 
mens of Lophodermium melaleucum (Fr.) DeNot. and it may be the 
pycnidial stage of this or of Lophodermium Oxycocei (Fr.) Karst. 


Sporonema epiphyllum (Fr.) Shear 
Sphaeria obturata var. b. epiphyllum Fr. Syst. Myc. 2: 495. 1822; 

Scler. Suec. Exs. 728. 

S. (Sphaeropsis) obtusata (Typ. error) Curr. Simp. Sphaer. 329. 
S. (Sphaeropsis) obturata Curr. Supp. Obs. Sphaer. 258. 
Sporonema obturatum var. epiphyllum (Fr.) Sacc. Syll. Fung. 3: 

678. 1884. ; 

Clinterium obturatum Fr. Summ. Veg. Scand. 418. 1849. 
Clinterium obturatum Starback, Sphaer. Imp. Cog. 57. p/. 3. f. 36a, 

1894. 

The type of Fries’ variety was his Scleromyces Suecica no. 128. 
The spores of this were first described by Curry (/. ¢.); later Star- 
back (/. c.) describe and figured the plant. What Fries species, 
Sphaeria obturata, is, does not seem to be definitely known. It 
appears from his treatment of it in Summ. Veg. Scand. that he re- 
garded the variety as distinct, since he used the specific name un- 
der two genera. Under his new genus, C/interium (7. c., 418) he 
placed “ C. odturatum,’ citing the specimen xo. 128 of his Scler. 
Suec., which represents his variety epiphy//um, and also Syst. Myc. 
2: 495, where his Sphacria obturata and its varieties were first pub- 
lished. On page 402 of Summ. Veg. Scand., under the genus 
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Gibbera, he has “ G. odturata,” citing the original description of 
Sphaeria obturata, as in the other case, but not the specimen. 
This seems to indicate that he regarded the variety not only as a 
separate species, but as belonging to a different genus. He used 
the same name in both cases, instead of taking up his varietal 
name, thinking, perhaps, that no confusion would arise from such 
duplicate use of the name when placed in different genera. The 
plant has been well described and figured by Starback (/. c.). 
There may be some doubt as to whether this plant is a true Sforo- 
nema, Sporonema was a monotypic genus founded by Desmaziéres 
in 1847 on S. phacidioides. 

The genus C/interium was described by Fries in 1849 and the 
type specified: “ Typus Sph. Sclerotinm Schwein. et al. Americ.” 

Until this species of Schweinitz is better known it will be im- 
possible to say whether it is congeneric with Fries’ plant or not, 
but, judging from the description, it is not, and hence this plant 
would necessarily be referred to some other genus. 


PLAGIORHABDUS* gen. nov. 


Pycnidia containing somewhat irregular chambers or cavities 
which usually unite and open through a rather large, distinct 
ostiole, usually covered by a thin, effuse, black, or coriaceous 
stroma consisting of the modified tissue of the host ; spores hyaline, 
continuous, with the oblique sporophore remaining attached in the 
form of a basal appendage. 

A genus of the order Sphaeropsidales of the imperfect fungi. 
The type of the genus is P. Crataegi. 


Plagiorhabdus Crataegi sp. nov. 


Stroma thin, black, effuse, formed beneath and within the 
epidermis, surface slightly rugose ; pycnidia thick-walled, irregular 
in size and shape, embedded in the host and covered with the 
stromatic crust ; interior divided into more or less irregular cavities 
which open through a rather large, central ostiole ; spores hyaline, 
allantoid, usually biguttulate and provided with a slender oblique 
appendage near the basal end of the spore, consisting of the sporo- 
phore which is abstricted at its base and remains attached to the 
spore, which is 9-12 x 3-4 appendage 12-20 x I 


* Plagios — oblique, and rhabdos = rod, in allusion to the oblique appendage of 
the spores. 


= 
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Type, wo. 1446 C. L.S., on old fruit of Crataegus punctata 
lying on the ground, Department of Agriculture grounds, Wash- 
ington, D. C., December 20, 1902. The surface of the fruit is 
entirely covered with the thin black stroma. 


Plagiorhabdus Oxycocci sp. nov. 


Pycnidia scattered, mostly hypophyllous, irregularly depressed- 
globose, embedded in the tissue of the host, 125-190 # diameter, 
usually very slightly erumpent with the upper portion mostly cov- 
ered by a thin, dark, stromatic layer consisting of the modified 
epidermis ; wall rather thin below and interior subsimple, or some- 
times having a few irregular chambers uniting and opening through 
a single ostiole which is usually rather prominent ; spores hyaline 
or faintly greenish-yellow in mass, slightly curved or allantoid, 
8-10 x 3 4, bearing a slender basal appendage consisting of the 
sporophore which is abstricted near its base ; appendage 10-15 x 
0.75 

Type, zo. rgg0 C. L. S., on leaves of dying cranberry plant, 


Vaccinium macrocarpum, Carver, Massachusetts, May, 1906, H. J. 
Franklin, coll. This species differs from P. Crataeg? in its smaller, 
scattered, more simple pycnidia with thinner walls and poorly 
developed stromatic crust. 


Leptothyrium Oxycocci sp. nov. 


Pycnidia black, dimidiate, amphigenous, scattered, subcoriace- 
ous, irregularly subglobose, 160-250 # diameter, arising just be- 
neath the epidermis, sometimes becoming superficial or subsuper- 
ficial and collapsing, rupturing irregularly and frequently breaking 
away about the base, exposing the spore-mass; wall somewhat 
irregular in thickness, especially at the apex, composed of parallel, 
elongate cells ; spores subfusoid, hyaline, sometimes slightly curved, 
pseudoseptate, 10-15 x 2.5-3 4, borne on simple, slightly taper- 
ing sporophores, slightly exceeding the length of the spores. 

Type, zo. 7487 C. L.S., on dead leaves from diseased vines of 
Vaccinium macrocarpum, near Wareham, Massachusetts, May 22, 


1906, H. J. Franklin, coll. ; also from Pierceville, Massachusetts. 


Rhabdospora Oxycocci sp. nov. 


Pycnidia usually hypophyllous, scattered, buried, more or less 
irregularly depressed-globose, somewhat erumpent, greatest diam- 
eter 150~225 #; ostiole small, plane, perforate; wall submem- 
branous, consisting of two layers, the inner sometimes separated 
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from the outer, except about the ostiole, and collapsing ; the epi- 
dermal cells of the host overlying the pycnidia usually blackened ; 
sporophores branched; spores hyaline, long fusiform, slightly 
curved, with 1-3 septa or pseudosepta, 20-26 x 2-3 yu. 


Type, xo. 1479 C.L.S., on old leaves of Vaccinium macrocarpum 
lying on the ground under a pile of old vines which had been cut 
from an adjacent bog, near Whitesville, New Jersey, September 


2, 1904. 
Ceuthospora (?) lunata sp. nov. 


Pycnidia scattered, amphigenous, disciform, subpulvinate, 
buried, slightly erumpent, remaining covered, 200 to 375  great- 
est diam., subcoriaceous, thick-walled, interior usually divided 
into irregular, incomplete chambers, opening through a rather 
prominent, slightly projecting ostiole ; sporophores somewhat 
branched, ultimate divisions stout, shorter than the spores ; spores 
subhyaline or slightly greenish-yellow in mass, inequilateral or 
somewhat lunate, 7-9 x 3-3.5 #4. 

Type, zo. 1488 C.L.S., on fallen leaves from vines of Vac- 
cinitum macrocarpum which had been cut and piled on the margin 
of a cranberry bog near Whitesville, New Jersey, September 2, 
1904; also no. 1489 C.L.S., on leaves of dead vines, Wareham, 
Massachusetts, September, 1902. 

The spores of this plant can scarcely be distinguished from 
those of Phoma cytisporea (Fr.) Starb. (Cytispora endophylla (Fr.) 
Sacc.). A scanty specimen in Fries’ herbarium which we have 
examined, differs from the type of our species in having thin-walled 
pycnidia, with a single, simple chamber. The Massachusetts 
specimens have somewhat smaller pycnidia than the type and fewer 
chambers. This plant is referred to Ceuthospora with doubt. It 
appears to belong to this genus as defined by Saccardo,* who 
credits the name to Greville.t Fries,{ however, was the original 
author of the genus and until it is revised its exact application 
cannot be determined. 


BOTHRODISCUS § gen. nov. 


Pycnidia in the form of regular cavities in a black, discoid, 
coriaceous, or subcorneus, substipitate stroma which has a peridium 


*Saccarpo, P. A. Syll. Fung. 3: 277. 1884. 
+GRevitie, R. K. Scott. Crypt. Fl. 5: 253. 1827. 
t Fries, E. M. Syst. Orb. Veg. 119. 1825. 

§ Bothros — pit, and discos = disk. 
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about the margin ; spores elongate, hyaline or pale lemon-colored, 
continuous. 
This genus should apparently be placed in the order Sphaeropst- 
dales of the Deuteromycetes. It appears to be related to Fickelia, 
‘ but differs in having the stroma furnished with a peridium which 
covers its upper part and ruptures at maturity, remaining as a 
spreading cup about the margin of the stroma. Its cavities are 
regular in shape and each has its own apical opening. The type 

of the genus is 3. pinicola. 


Bothrodiscus pinicola sp. nov. 


Stroma dark-colored, obconic, substipitate, arising from the 
inner bark ; disk black, areolate, 0.5—1 mm. in diameter, covered at 
first by a thin coriaceous peridium which ruptures at maturity and 

‘ spreads in the form of a cup; pycnidia consisting of numerous, 
regular cavities, about 75 “in diameter and 100 p deep in the disk of 
the stroma, covered with a black layer at the top which ruptures 
irregularly ; spores hyaline or faint greenish-yellow in mass, cla- 
vate-cylindric, more or less curved, multi-guttulate, continuous, 
32-42 x 5-6. When the stroma is pressed the spores, at- 
tached at their bases, are expelled in a globular mass. 

Type, zo. 1475 C. L. S., on dead branches of Pinus virginiana 
collected by Mrs. T. A. Williams, Takoma Park, D. C., May, 1899. 


Anthostomella destruens sp. nav. 


Perithecia gregarious, submembranous, globose or subpyri- 
form, 350-450 diam. usually somewhat contracted above into a 
short broad neck, ostiolate ; asci 8-spored, cylindrical, subsessile 
200-232 x 15-18; paraphyses none ; spores short elliptic, some- 
times somewhat inequilateral, uniseriate, hyaline at first, changing 
to yellowish-brown, and at maturity a deep dark brown, almost 
opaque, 16-24 x 10.5—I2 

Type, slide xo. 7491 from pure culture wo. 450 on cornmeal, 
isolated from a diseased cranberry from New Jersey. This is not 
a typical Anthostomella, as paraphyses are wanting. It appears to 
be rather closely related to A. Smilacis H. Fab., but has much 
longer asci and larger different-shaped spores. Pure cultures 


grown from spores have produced no other spore form. 
ACANTHORHYNCHUS * gen. nov. 
Perithecia submembranous, scattered, buried, beaked; beak 


* Acanthos = thorn, and rhynchos = beak, suggested by the spiny beak. 
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spiny, ostiolate ; asci 8-spored, paraphysate ; spores continuous, 
brownish-yellow. 
Type, A. Vaccinit. 


Acanthorhynchus Vaccinii sp. nov. 


Perithecia amphigenous, scattered, subglobose, or somewhat 
flask-shaped, submembranous, buried, scarcely erumpent, 120- 
200 # diam.; neck stout, exserted, ostiolate, 4% to ™% length 
the perithecium, beset with black, nonseptate spines, 50-70 x 
8-9 #2 at base; asci subelliptical or somewhat clavate, subsessile, 
8-spored, having an apical pore, 120-155 x 24-44 #; paraphyses 
septate, exceeding the asci; spores oblong-elliptic, continuous, 
pale brownish-yellow, surrounded by a mucilaginous layer of pro- 
toplasm, 24-32 x 12-18 

Type, zo. 1493 C. L. S., on leaves of Vaccintum macrocarpum, 
West Mills, New Jersey, September, 1901. Specimens also ex- 
amined from Nova Scotia, Massachusetts and West Virginia; 
also obtained in cultures from Wisconsin cranberries. 

This genus is apparently nearly related to Sordaria and Hypo- 
copra as treated by recent authors; the spores are forcibly dis- 
charged at maturity, and upon germination produce dark-brown 
crenate-lobed disk-shaped appressoria 50-100 yp in diameter. 
These can frequently be found attached to the surface of cranberry 
leaves into which they send germ-tubes. The protoplasm about 
the spores in the ascus extends to the apex and seems attached 
there in a manner somewhat similar to that described in //ypocopra 
by Griffiths and others. The form of the protoplasm suggests a 
secondary internal ascus-membrane, but this has not been 
demonstrated. 


Glomerella rufomaculans Vaccinii var. nov. 


Conidia. — Acervuli amphigenous, small, scattered, on a light 
brownish, more or less indefinite spot ; conidia forming gelatinous, 
pale-pinkish masses, obleng-cylindric or sub-clavate and some- 
times slightly curved, 12-18 x 4.5-6, guttulate, contents granu- 
lar; sporophores simple, slightly tapering above, about twice the 
length of the conidia ; setae rarely present. 

Perithecia. — Perithecia scattered, gregarious or cespitose in 
cultures and more or less buried in a dark-brown, felt-like subi- 
culum or pseudostroma, dark-brown or nearly black, submem- 
branous, subglobose, slightly rostrate, ostiolate ; asci 8-spored, 
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oblong to clavate-cylindric, subsessile or short-stipitate, 60-72 x 
10-12 #4, paraphyses fugacious ; spores irregularly sub-biseriate, 
oblong-elliptic, hyaline or faintly yellowish-brown when mature, 
finely granular and having a light spot at the center, 9-18 x 


5-7-5 

Type, slide no. 447A C. L. S., showing both conidia and peri- 
thecia, from a pure culture (A) made from an ascospore. Original 
material from which this ascospore was grown was from leaves of 
Vaccinium macrocarpum from New Jersey. The ascogenous form 
has not yet been found on the cranberry plant. The conidial stage 
has also been found on leaves and berries from Massachusetts. 
The fungus in both stages has been isolated from berries from 
New Jersey and Wisconsin. 

This fungus shows no sufficiently constant morphological 
characters to separate it specifically from the plant found on the 
apple or the one on the grape. Whether it should be regarded as 
the same plant which occurs on the grape or apple depends on 
the possibility of its infecting those hosts. The efforts we have 
thus far made have been unsuccessful, but are not regarded as con- 
clusive. There occur occasionally in young perithecia filaments 
about the mass of asci which have been regarded as paraphyses. 
Their inconstant character, however, renders them of little value 
for taxonomic purposes. 

There is without much doubt an older name which should be 
applied to this genus, but until we have more certain knowledge 
of the type the name Glomerella may be used. 


Gloeosporium minus sp. nov. 


Acervuli amphigenous, small, scattered, not on a definite spot, 
when occurring on fruit the epidermis is dark-colored above and 
about them ; conidia forming pale-pinkish, glutinous masses, ob- 
long-elliptical or subcylindric, sometimes inequilateral or somewhat 
clavate, usually guttulate when fresh, 6-9 x 3-4 4; sporophores 
simple, slightly tapering above, 114-2 times the length of the 
conidia ; no setae observed. 

Type, xo. 1494, on fruit of cranberry, Vaccinium macrocarpum, 
from the market, Washington, D. C., April, 1902, C. L. S.; also 
on cranberry leaves from New Jersey and isolated from leaves 
from the same state. 

This has been grown in pure cultures for a long time, but no 
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ascogenous form has been obtained. It agrees in general char- 
acters with the conidial form of G/lomerella rufomaculans Vaccinti 
Shear, but the conidia are constantly smaller, being only half as 
long, and we have been unable to find any indication of intergra- 
dation in this respect. 


Guignardia Vaccinii sp. nov. 


Pycnidia. Pycnidia, rather thickly and evenly distributed over 
the surface of affected leaves, usually hypophyllous, 100-120 p 
diameter, globose or depressed-globose, buried at first, finally 
somewhat erumpent, with the apex and short or nearly obsolete 
ostiolum breaking through the epidermis; pycnospores 10.5-13.5 
x 5-6 4, smooth, hyaline, or amber-colored when fully mature 
and in mass, obovate and usually somewhat flattened at the apex, 
bearing a somewhat inconspicuous, granulate-mucilaginous curved 
appendage averaging about three fourths the length of the spore ; 
sporophores 10-15 long. 

Perithecia. Perithecia practically identical in size, shape, text- 
ure and mode of growth, with the pycnidia ; asci 8-spored, clavate- 
cylindric, usually short-stipitate, non-paraphysate, 60-80 x 9-12; 
spores smooth, hyaline, or when fully mature pale greenish-yellow, 
elliptical or subrhomboid and somewhat inequilateral, 13.5-—16.5 


x 6.5-7 

Type, o. 1476 C. L.S., on leaves of Vaccinium macrocarpum, 
near Lakewood, New Jersey, September 4, 1904. We also have 
specimens from Morgantown, West Virginia; Wareham, Massa- 
chusetts ; Arichat, Nova Scotia ; and Grand Rapids, Wisconsin. 

This fungus was described and figured without a name by Dr. 
B. D. Halsted in Bull. N. J. Agr. Exp. Sta. 64: 33-35. 1889. 
The figure of ascospores given by Dr. Halsted does not corre- 
spond exactly with our specimens, but the plant represented is 
probably the same. The plant has also been described and fig- 
ured by the writer, but without specific name, in U. S. Dep. Agric. 
Farm. Bull. 221: 6. f. 1-4. 1905. 

This species is closely related to Guignardia Bidwellii (FEll.) 
Viala & Rav. 

It causes a serious disease of the cultivated cranberry, gen- 
erally called “‘scald”’ by growers. It attacks the berries when they 
are very small, causing them to shrivel up, turn black and become 
covered with pycnidia; when half-grown or more the fruit be- 
comes very soft and watery. The connection between the pycni- 
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dial and ascogenous forms has been demonstrated by numerous 
pure cultures from the mycelium and ascospores. <A detailed 
account of the life history of this fungus will be published later. 


Ustilago Claytoniae sp. nov. 


Sori in ovaries, protected by the calyx of the host, ovate, flat- 
tened, 2-3 mm. long, forming a dark wine-colored or purplish 
mass ; spores purplish, mostly spherical or subspherical, 11-16 
in diameter with prominent winged reticulations 1-2 # wide by 
2.5 deep. 

Type collected by Col. T. E. Wilcox, Vancouver Barracks, 
Washington State, April 8, 1903, on Claytonia linearis Doug]. 
(Montia linearis (Dougl.) Greene). Specimen in herbarium of 
National Museum and also in herbarium of the Department of 
Agriculture. This species appears to be related to Ustilago Cal- 
andriniae Clint. 

Sorosporium Montiae Rostr. (1896), found on leaves and stems 
of Montia minor in Denmark, is apparently quite different from 
our species. 


U, S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. 
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The aim of this Index is to include all current botanical literature written by 
Americans, published in America, or based upon American material ; the word Amer- 
ica being used in its broadest sense. 


Reviews, and papers which relate exclusively to forestry, agriculture, horticulture, 
manufactured products of vegetable origin, or laboratory methods are not included, and 
no attempt is made to index the literature of bacteriology. An occasional exception is 
made in favor of some paper appearing in an American periodical which is devoted 
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Botanical Club 


Andrews, E. F. Some effects of a tropical storm on vegetation. Plant 
World 10: 67. Mr 1907. 

Arthur, J.C. McAlpine’s studies of Australian rusts. Jour. Myc. 13: 
41, 42. 30 Ap 1907. 

Bacon, A. E. The common pimpernel in Vermont. Bull. Vt. Bot. 
Club 2: 27, 28. Ap 1907. 

Bailey, W. W. Peloria. Am. Bot. 12: 66, 67. Ap 1907. 

Bailey, W. W. Solomon’s seal. Am. Bot. 12: 49-51. Ap 1907. 
[Illust. ] 

Barnhart, J. H. ‘The local floras of Vermont. Bull. Vt. Bot. Club 
2: 11-16. Ap 1907. 

Bennett, A. Forms of Potamogeton new to Britain. Jour. Bot. 45: 
172-176. 1 My 1907. 
Contains references to American species. 

Berry, E. W. Recent discussions of the origin of gymnosperms. Sci- 
ence II. 25: 470-472. 22 Mr 1907. 

Berry, E. W. A Zilia from the New Jersey Pleistocene. Torreya 7: 
80, 81. 15 Ap 1907. 

Bessey, C.E. Twinned pistils in partridge pea. Am. Bot. 12: 65. 
Ap 1907. 
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Bessey, C. E. The forest trees of eastern Nebraska. Proc. Iowa 
Acad. Sci. 13: 75-87. maps. [Mr] 1907. 

Bessey, E. A. Spore forms of Sfegazzinia ornata Sacc. Jour. Myc. 
13: 43-45. Al. ror. 30 Ap 1907. 

Blakeslee, A. F. The nature and significance of sexual differentiation 
in plants. Science II. 25: 366-372. 8 Mr 1907. 

Blanchard, W. H. Our eastern shadwoods. Torreya 7: 97-102. 
20 My 1907. 

Includes descriptions of 2 new species in Amelanchier. 

Britten, J. Notes on Halorrhagaceae. Jour. Bot. 45: 135-138. 1 
Ap 1907. 

A few South American references. 

Britton, E. G. & Hollick, A. American fossil mosses, with description 
of a new species from Florissant, Colorado. Bull. Torrey Club 34: 
139-142. fl.g. 7 My 1907. 

Glyphomitrium Cockerellae sp, nov. 

Britton, N. L. Report on the continuation of the botanical explora- 
tion of the Bahama Islands. Jour. N. Y. Bot. Gard. 8: 71-81. Ap 
1907. 

Britton, N. L. Rides chihuahuense sp. nov. Torreya 7: 102. 20 
My 1907. 

Native of Mexico. 

Brown, S. Botanizing in the Canadian Rockies. Proc. Acad. Nat. 
Sci. Phila. 58: 429, 430. 7 Ja 1907. 

Bush, B. F. Pogonatum tenue. Bryologist 10: 53. 2 My 1907. 

Caldwell, 0. W. & Baker, C.F. The identity of M@icrocycas calocoma. 
Bot. Gaz. 43 : 330-335-/ 7-7. 16 My 1907. 

Camsell, C. List of plants collected on the Peel River in 1906 by 
Mr. Charles Camsell. Ottawa Nat. 21:38. 7 My 1907. 

Christ, H. Filices columbianae leg. C. Wercklé. Bull. Herb. Boiss. 
Il. 7: 274. 31 Mr 1907. 

Gymnogramme ( Eugymnogramme) woodsioides sp. nov. 

Christ, H. Filices mexicanae. Bull. Herb. Boiss. Il. 7: 413-416. 
27 Ap 1907. 

Includes new species in Cyathea, Leptochilus, Dryopteris, Elaphoglossum, and Poly- 
podium. 

Christ, H. Primitiae florae costaricensis. Filices V. Bull. Herb. 
Boiss. Il. 7: 257-274. 31 Mr 1907. 

Describes new species in Polypodium (3), Dryopteris (3), Pteris, Diplasium (5), 
Cyathea (3), and Elaphoglossum (2). 
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Clark, V. A. Delaying the blossoming of peach trees by etherization. 
Science II. 25: 544, 545. 5 Ap 1907. 

Clarke,C. H. A red Andreaea. Bryologist 10:55. 2 My 1907. 

Clute, W. N. <Asplenium pinnatifidum in Connecticut. Fern Bull. 
15:15. [Ap] 1907. 

Clute, W. N. Rare forms of ferns.—II. A cut-leaved cinnamon 
fern. Fern Bull. 15: 16,17. [Ap] 1907.  [Illust.] 

Clute, W. N. The round-leaved filmy fern. Z?richomanes reniforme. 
Fern Bull. 15: 14, 15. f/. [Ap] 1907. 

Clute, W. N. Some spring flowers. Am. Bot. 12: 56-59. Ap 1907. 

Cockerell, T. D. A. An instance of mutation. Bot. Gaz. 43: 283, 
284. 15 Ap 1907. 

Crockett, A. L. An occurrence of Catharinaea crispa in Maine. 
Rhodora 9: 74. 30 Ap 1907. 

Davidson, A. ‘The changes in our weeds. Bull. So. Calif. Acad. Sci. 
6: 11, 12. 30 Mr 1907. 

Davis, W. T. The influence of winter on the high-water shrub. 
Proc. Staten Id. Asso. Arts & Sci. I: 75. 17 Ap 1907. 

Dixon, H. N. A new species of Sp/achnodryum, with notes on the 
peristome. Jour. Bot. 45: 81-85. p/. g8¢ A. 1 Mr 1907. 


S. delicatulum sp. nov., discovered in orchid houses in England, but probably a 
native of tropical America. 


Douglas, G. E. ‘The formation of intumescences on potato plants. 
Bot. Gaz. 43: 233-250. f. 7-9. 15 Ap 1907. 

Dunham, E. M. /Polytrichum gracile Dicks. in Maine. Rhodora 9: 
64. 8 Ap 1907. 

Edgerton, C. W. The rate and period of growth of Polyporus lucidus. 
Torreya '7: 89-97. f. 7, 2. 20 My 1907. 

Eggleston, W. W. The flora of Pownal. Bull. Vt. Bot. Club 2: 
21-24. map. Ap 1907. 

Eggleston, W. W. Peter Kalm’s visit to Lake Champlain in July, 
1749. Bull. Vt. Bot. Club 2: 32, 33. Ap 1907. 

Evans, A. W. Notes on New England Hefaticae, V. Rhodora g. 
56-60. 8 Ap 1907; 65-73. pl. 77. 30 Ap 1907. 
Includes Calypogeia tenuis sp. nov. 

Fedde, F. Hesperomeconis generis duae species novae californicae. 
Repert. Nov. Sp. 3: 274, 275. 31 Ja 1907. 
Hesperomecon filiformis and H. Greeneana spp. nov. 

Fedde, F. Meconellae generis specie snova (MM. Kakoethes) Californiae 
australis. Repert. Nov. Sp. 3: 275. 31 Ja 1907. 
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Fedde, F. Species novae ex ‘‘ Extraits d’une monographie inédite du 
Genre Populus’’ a L.-A. Dode descriptae. V. Repert. Nov. Sp. 
3: 353-357- 10 Mr 1907. 

Four new species credited to North America. 

Ferriss, J. H. Hardiness of Florida crest fern. Fern Bull. 15: 13. 
[Ap] 1907. 

Fink, B. Floristic notes from an Illinois esker. Proc. Iowa Acad. 
Sei. 13: 59-63. p/. g-6. [Mr] 1907. 

Fink, B. Further notes on cladonias. X. C/adonia decorticata and 
Cladonia degenerans. Bryologist 10: 41-45. f. 7, 2. 2 My 1907. 

Fink, B. Lichens and recent conceptions of species. Proc. lowa 
Acad. Sci. 13: 65-70. [Mr] 1907. 

Fink, B. A memoir of Clara E. Cummings. Bryologist 10: 37-41. 
pl. 6. 2 My 1907. 

Fink, B. A round trip between Iowa and Puget Sound. Plant World 
10: 49-58. f. 72, 737. Mr 1907. 

Fitzpatrick, T. J. The Zi/ia/es of Iowa. Proc. Iowa Acad. Sci. 13: 
115-160. [Mr] 1907. 

Flynn, N. F. The Club’s trip to Mt. Mansfield. Bull. Vt. Bot. Club 
2: 5,6. Ap 1907. 

Frye, T.C. Note on Catharinea rosulata. Bryologist 10: 53, 54. 
2 My 1907. 

Gager, C. S. An occurrence of glands in the embryo of Zea Mays. 
Bull. Torrey Club 34: 125-137. 7 My 1907. 

Gager, C. S. Radium in biological research. Science II. 25: 589, 
590. 12 Ap 1907. 

Ganong, W. F. New normal appliances for use in plant physiology. 
IV. Bot. Gaz. 43: 274-279. f. 7, 2. 15 Ap 1907. 

Ganong, W. F. The organization of the ecological investigation of 
the physiological life-histories of plants. Bot. Gaz. 43: 341-344. 
16 My 1907. 

Graenicher, S. Wisconsin flowers and their pollination. II. Sax- 
ifragaceae and Grossulariaceae. Bull. Wis. Nat. Hist. Soc. Il. 5: 
84-95. Ap 1907. 

Griddle, N. How the seeds of plants are spread in nature. Ottawa 
Nat. 21: 27-31. 7 My 1907. 

Giirke,M. L£chinocactus Grosset K.Schum. Monats. Kakteenk. 17: 
56, 59. 15 Ap 1907. 
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Harger, E. B. An interesting locality. Rhodora 9: 62-64. 8 Ap 
1907. 

Hasselbring, H. Gravity as a form-stimulus in fungi. Bot. Gaz. 43: 
251-258. f. 7-37. 15 Ap1go07. 

Hassler, E. Plantae paraguarienses novae vel minus cognitae III. 
Bull. Herb. Boiss. Il. 7: 353-368. 27 Ap 1g07.  [Illust.] 


Includes new species in Mimosa (2), Machaerium, Talisia, Brosimum, Borreria, 
Relbunium, and Pavonia. 


Hausman, L. A. Some wood-destroying fungi. Am. Bot, 12: 51- 
56. Ap 1907. 

Hawkins, I. A. ‘The development of the sporangium of Zguisetum 
hyemale. Ohio Nat. 7: 122-128. f/. 9g, 70. 18 Ap 1907. 

Hayek, H. von. Verbenaceae novae herbarii vindobonensis. III. Re- 
pert. Nov. Sp. 3: 273, 274. 31 Ja 1907. 
Four new species of Stachytarpheta from South and Central America. 

Hemsley, W. B. A substitute for coca. Kew Bull. Misc. Inf. 1907: 
136. Ap 1907. 

Herre, A. W. C. T. Lichen distribution in the Santa Cruz Peninsula, 
California. Bot. Gaz. 43: 267-273. 15 Ap 1907. 

Holm, T. Linnaeus. May 23, 1707—-January 10, 1778. Bot. Gaz. 
43: 336-340. 16 My 1907.  [lllust.] 

Holm, T. New plants from arctic North America. Repert. Nov. Sp. 


3: 337, 338 10 Mr 1907. 
New species in Arctophila, Dupontia, Glyceria, Draba, Lychnis, and Arnica. 


Holm, T. Ruellia and Dianthera: an anatomical study. Bot. Gaz. 
43: 308-329. pl. 77, 12 +f. 1-3. 16 My 1907. 

Hopkins, L.S. The fern floraof Ohio. Fern Bull. 15: 1-13. [Ap] 
1907. 

Horton, F. B. Fern notes. Bull. Vt. Bot. Club 2: 34. Ap 1907. 

House, H. D. Corallorhiza maculata Rafinesque. ‘Torreya 7: 78. 
15 Ap 1907. 

House, H. D. Studies in the North American Convolmudaceae. III. 
Calycobolus, Bonamia, and Stylisma. Bull. Torrey Club 34: 143- 
149. 7 My 1907. 


Includes Ca/ycobolus Pringlei sp. nov. 


Jackson, A. B. Ciimacium americanum in decoration. Bryologist 
10: 54. 2 My 1907. 

Johnston, E. L. Sage brush and cactus. Am. Bot. 12: 59-63. Ap 
1907. 
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Jones, L. R. Further observations on potato leaf fungi. Bull. Vt. 
Bot. Club 2: 35. Ap 1907. 

Knox, A. A. Fasciations in Drosera, /bervillea, and Cecropia. Tor- 
reya 7: 102, 103. f. 7. 20 My 1907. 

Kofoid, C. A. Diéinoflageliata of the San Diego region, III. Descrip- 
tions of new species. Univ. Calif. Publ. Zool. 3: 299-340. A/. 
22-33. 13 Ap 1907. 

Kraemer, H. The structure of the starch grain. Am. Jour. Pharm. 
79: 217-229. f. 1-379. My 1907. 

Reprinted from Bot. Gaz. 34: 341-354. 20 N 1902. 

Kraemer, H. A text-book of botany and pharmacognosy. Ed. 2. i—vi. 
1-840. f. 7-321. Philadelphia. [Ap] 1907. 

Kranzlin, F. Scrophulariaceae-Antirrhinoideae-Calceolarieae. Das 
Pflanzenreich 1-128. f. 7-27. 5 Ap 1907. 

Leavitt, R.G. The geographic distribution of closely related species. 
Am. Nat. 41: 207-240. 1 My 1907. 

Lewis, W. S. Pubescence of plants. Am. Bot. 12: 66. Ap 1907. 

Lindly, J. M. Some of the flowering plants of Calcasieu Parish, 
Louisiana. Proc. Iowa Acad. Sci. 13: 161-166. [Mr] 1907. 

Lloyd, C. G. Mycological notes. 25: 309-324. pl. og-ror+/. 
144-159. Ap 1907. 

Lorenz, A. Catharinea in Hartford County. Bryologist 10: 45-47. 
2 My 1907. 

MacDougal, D. T. A realized mirage. Salton Sea, the wonderful 
desert lake where wood sinks and stones float, explored in a sailboat. 
Discovery 1: 1-4. My 1907. _ [Illust.] 

Mackenzie, K. K. A hybrid Zesfedeza. Torreya'7: 76-78. 15 Ap 
1907. 

L. hirta repens. 

Mackenzie, K. K. Notes on Carex—II. Bull. Torrey Club 34: 
151-155. 7 My 1907. 

Descriptions of four new species. 

Malme, G. 0. A. Ein Beitrag zur Asclepiadaceen-Flora von Parana. 
Bull. Herb. Boiss. Il. 7: 407-410. 27 Ap 1907. 

Marquette, W. Manifestations of polarity in plant cells which appar- 
ently are without centrosomes. Beih. Bot. Centralb. 21‘: 281-303. 
pl. 13. 15 Ap 1907. 

Massee, G. Fungi exotici: VI. Kew Bull. Misc. Inf. 1907: 121- 
124. Ap 1907. 


Includes Panus Bartlettii sp. nov., from British Guiana. 
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Michael, H. A. Studies in plant and organic chemistry and literary 
papers. 1-423. fl. 7, 2. portrait. 1907. 

Mottet,S.  Oxycoccus macrocarpus. Rev. Hort. 79: 187, 188. 64. 
16 Ap 1907. 
Native of North America. 

Nash, G. V. Costa-Rican orchids —I. Bull. Torrey Club 34: 113- 
124. pl. 7, 8. 7 My 1907. 
Includes El/eanthus caricoides and Zygostates. costaricensis, spp. Nov. 

Nelson, A. Is this birchnew? Bot. Gaz. 43: 279-281. f 15 Ap 
1907. 

Nelson, A. Some new western plants and their collectors. Proc. 
Biol. Soc. Wash. 20: 33-39. 27 Mr 1907. 
New species in Fritillaria, Roripa, Sidalcea, Zauschneria, Mertensia, Douglasia, 

Coleosanthus, Machaeranthera (2), and Antennaria. 


Nichols, J. T. New stations for Chamaecypfaris on Long Island, New 
York. Rhodorag: 74. 30 Ap 1907. 

Niles, G.G. Rare bog plants of Pownal. Bull. Vt. Bot. Club 2: 16- 
19. map. Ap 1907. 

Niles, G.G. Through Bristol swamp. Plant World 10: 73-80. /. 
15. Ap 1907. 

Oleson, 0. M. & Somes, M. P. A flora of Webster County, lowa. 
Proc. lowa Acad. Sci. 13: 25-58. [Mr] 1907. 

Olsson-Seffer, P. Visits to some botanic gardens abroad. Plant World 
10: 27-31. f.g-zz. [Mr] 1907; 58-62. rg. Mr 1907 ; 84-90. 
f. 16-18. Ap 1907. 

. Osterhout, G. E. Nuttall and Pursh and some early spring flowers of 
Colorado. Plant World 10: 80-84. Ap 1907. 

Pammel, L. H. Some diseases of Rocky Mountain plants. Proc. 
Iowa Acad. Sci. 13: 89-114. [Mr] 1907. 

Petitmengin, M.G.C. Etudes comparatives sur la flore Andine et 
sur celle des Alpes Européennes. Bull. Acad. Internat, Géogr. Bot. 
16: 2-11. 22 Ja 1907. 

Phelps, 0. P. Noteworthy plants of Salisbury, Connecticut. Rhodora 
9: 74, 75- 30 Ap 1907. 

Pilger, R. Erganzungsheft II zu Engler & Prantl, Nat. Pflanzenfam. 
193-288. /. 26-45. 1907. 

Plitt,C. C. Webdera sessilis and ants. Bryologist 10: 54, 55. 2 
My 1907. 

Poyser, W. A. J/soetes saccharata in the Delaware River. Fern Bull. 
15: 18. [Ap] 1907. 
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Purpus, A. LZryngium proteaefolium. Gard. Chron. III. 41: 248. 
Jf. 106, 107. 20 Ap 1907. 

Purpus, J. A. AM€amillaria petrophila Brandegee. Monats. Kak- 
teenk. 17: 55, 56. 15 Ap 1go7.  [Illust.] 

Quehl, L. Mamillaria Knippeliana Quehl n. sp. Monats. Kakteenk. 
17: 59, 60. 15 Ap 1907. 

Ramaley, F_ The silva of Colorado I. Trees of the pine family in 
Colorado. Univ. Colo. Stud. 4: tog-122. F 1907. [lllust.]; II. 
The poplars, aspens and cottonwoods. Univ. Colo. Stud. 4: 187- 
197. f. 1-6. Ap 1907. 

Rand, E.L. Arceuthobium pusillum at Mt. Desert. Rhodorag: 75, 
76. 30 Ap 1907. 

Rehder, A. Quercus prinoides Willd. var. rufescens var. nov. 
Rhodora 9: 60-62. 8 Ap 1907. 

Rehder, A. Rhododendron albifiorum with double flowers. Bot. Gaz. 
43: 281, 282. 15 Ap 1907. 

Rehm, H. Ascomycetes exs. fasc. 38. Ann. Myc.§: 78-85. 30 Mr 
1907. 


Several American references, including Dermatea olivascens sp. nov. from New 
Mexico. 


Ricker, P. L. Third supplement to new genera of fungi published 
since the year 1900, with citations and original descriptions. Jour. 
Myc. 13: 63-67. 30 Ap 1907. 

Robertson, G. R. Southern station for Botrychium simplex. Fern 
Bull. 15:17. [Ap] 1907. 

Robinson, B. L. On the rules of botanical nomenclature adopted by 
the Vienna congress. Rhodora g: 29-55. 8 Ap 1907. 

Robinson, C. B. Contributions toa flora of Nova Scotia. I. Plants 
collected in eastern Nova Scotia in August, 1906. Bull. Pictou 
Acad. Sci. Asso. 1: 30-44. [My] 1907. 

Robinson, C. /pomaea triloba V.. in the Philippines. Torreya 
7: 78-80. 15 Ap 1907. 

Rooney, B. M. Orchids of St. Johnsbury. Bull. Vt. Bot. Club 2: 29. 
Ap 1907. 

Rowlee, W. W. Localization of plants in the Finger Lake region and 
the adjacent Ontario lowlands of central New York. ‘Torreya 
7: 69-73. 15 Ap 1907. 

Rowlee, W. W. ‘Two new willows from the Canadian Rocky Mount- 
ains. Bull. Torrey Club 34: 157-159. 7 My 1907. 


Salix albertana and S. Maccalliana spp. nov. 
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Rugg, H. G. Osmunda regalis orbiculata. Bull. Vt. Bot. Club 
2:25, 26. Ap 1907. : 

Ruggles, B. P. Hartland grasses. Bull. Vt. Bot. Club 2: 34, 35. 
Ap 1907. 

Saccardo, P. A. New fungi from New York. Jour. Myc. 13: 45-48. 
30 Ap 1907. [Illust.] 


New species in Pleosphaeria, Sphaeropsis (2), Diplodia, Hymenopsis, and Zygo- 
desmus. 


Saunders, C. F. Birds as botanists. Am. Bot. 12: 64. Ap 1907. 

Schaffner, J. H. Development of the forest belts in the northwestern 
part of Clay County, Kansas. Trans. Kansas Acad. Sci. 20*: 74- 
79 [Ap] 1907. 

Schlechter, R. Orchidaceae novae et criticae. Decas IX. Repert. 
Nov. Sp. 3: 276-280. 31 Ja 1907. 

Includes two new species of S¢e/is and one of Pleurothallis from Costa Rica. 

Schneider, C. K. Conspectus generis Amorphae. Bot. Gaz. 43: 
297-307. 16 My 1907. 

Includes 4. Schwerini sp. nov., from North Carolina. 

Seaver, F. J. Notes on the Discomycete flora of Iowa. Proc. lowa 
Acad. Sci. 13: 71-74. [Mr] 1907. 

Seely, H. M. About red clover. Bull. Vt. Bot. Club 2: 30, 31. 
Ap 1907. 

Shafer, J. A. Report ona visit to the island of Montserrat. Jour. 
N. Y. Bot. Gard. 8: 81-88. Ap 1907. 

Shaw, C. H. Upon the teaching of the subject of respiration. Science 
II. 25: 627-630. 19 Ap 1907. 

Shear, C. L. & Wood, A. K. Ascogenous forms of G/oeosporium and 
Colletotrichum. Bot. Gaz. 43: 259-266. 15 Ap 1907. 

Shull, G. H. Elementary species and hybrids of Bursa. Science II. 
25: 590, 591. 12 Ap 1907. 

Shull, G. H. Some latent characters of a white bean. Science II. 
25: 828-832. 24 My 1907. 

Smith, E. F.& Townsend, C. 0. A plant-tumor of bacterial origin. 
Science II. 25: 671-673. 26 Ap 1907. 

Smith, J. D. Enumeratio plantarum guatemalensium, necnon sal- 
vadorensium, hondurensium, nicaraguensium, costaricensium. 8: 
I-221. 1907. 

Spalding, V. M. Spring flowers of the Arizona desert. Plant World 
10: 63,64. Mr 1907. 
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Sprague, T. A. Calliandra portoricensis var. major. Curt. Bot. Mag. 
IV. 3: pl. 8729. Ap 1907. 

Native of Mexico and Central America. 

Stapf, 0. Arctostaphylos Manzanita. Curt. Bot. Mag. IV. 3: i. 
8128. Ap 1907. 

Native of California. 

Stevens, F. L. List of New York fungi. Jour. Myc. 13: 67-72. 
30 Ap 1907. 

Stevens, F. L. Puccinia upon Melothria. Bot. Gaz. 43: 282, 283. 
J. 15 Ap 1907. 

Stockberger, W. W. Pinkroot and its substitutions. Pharm. Rev. 
25: 2-21. f. 7,2. F 1907; 66-84. f. zz-78. Mr 1907; 97- 
107. Ap 1907. 

Stowe, S. B. Winter key to Ohio chestnuts. Ohio Nat. 7: 118. 
18 Ap 1907. , 
Straw, C. E. Additions to the flora of Stowe. Bull. Vt. Bot. Club 

2: 25. Ap 1907. 

Strong, M. The finding of the male fern in Woodstock. Bull. Vt. 
Bot. Club 2: 24. Ap 1907. 

Terry, E. H. MHerbarium-making of a century ago. Bull. Vt. Bot. 
Club 2: 28. Ap 1907. 

Thériot, I. Weissia brasiliensis Duby. Bull. Herb. Boiss. II. 7: 
277, 278. 31 Mr 1907. 

Uhlbrich, E. Ueber die systematische Gliederung und geographische 
Verbreitung der Gattung Anemone L. Verh. Bot. Vereins Prov. 
Brandenb. 48: 1-38. 1907. 

Ule, E. II. Beitrage zur Flora der Hylaea nach den Sammlungen von 
Ule’s Amazonas-Expedition. Verh. Bot. Vereins Prov. Brandenb. 
48: 117-208. p/. 7, 2. 1907. 

Underwood, L. M. Concerning Woodwardia paradoxa, a supposedly 
new fern from British Columbia. Torreya'7: 73-76. 15 Ap 1907. 

Wilson, G. W. & Seaver, F. J. Ascomycetes and lower fungi. Jour. 
Myc. 13: 48-52. 30 Ap 1907. 
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